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ABSTRACT
Fats and Iron in the Rat Colon: Effects on Lipid Peroxidation
by
Ji Jenny Chin, Master of Science
Utah State University, 1996
Major Professor: Dr. Charles E. Carpenter
Program: Toxicology
Preliminary studies were undertaken to investigate whether or not added iron (0,
35, 880 ppm of iron as ferrou s fumarate) and fat type (corn oil , beef tallow, or menhaden
oil ) influenced the oxidation of the rat diet during storage .

Iron level affected

thiobarbituric acid (TBA) values only in the menhaden oil diets. Storage for 4 d did not
affect TBA values of the diets . Neither food intake nor body weight of the rats was
affected by the different diets, suggesting all diets were equally acceptable to rats.
The effects of iron supplementation and fat type on in vivo lipid peroxidation in
rat colon were studied. Semi-synthetic diets were formulated to contain 15 % (wt/wt)
total fat , an amount comparable with human diets, as either 15% corn oil (C), 1% corn oil
+ 14% beef tallow (B) , or 1% corn oil+ 14% menhaden oil (M). Diets of each fat type
were forqn1Iated with ferrous fumarate
35
sufficient
to meet
.
. . to
. .contain
. .
. . ppm
.
. iron,
. a level
.
.
the requirement of the rats, or 880 ppm iron, a level similar to that found in iron-fortified
breakfast cereals. During a 6-wk study, each of 6 groups of 10 male weanling SpragueDawley rats was fed one of the 6 diets (C35, C880, B35, B880, M35, M880). Lipid
peroxidation products in the colon mucosa and in the feces were measured as
thiobarbituric acid reactive substances (TEARS), and other possible physiological
changes were monitored by measuring body weight, and iron levels of the feces and

lll

colon mucosa, and by observing the histology of the colon. At the beginning of the trial,
each group of rats had similar body weights and TBARS in the feces. After the feeding
trial , groups of rats remained similar in body weight, and no hi stological changes were
observed in the colon. However, rats fed the different dietary fats had different (p < 0.05)
TBARS in the feces and colon mucosa (B<C<M). Further, TBARS were greatest with
menhaden oil diets, whether comparing the low iron diets or the high iron diets. Thus,
the type of dietary fat was a significant determinant of in vivo lipid peroxidation,
independent of dietary iron level. Rats fed the high iron diets had higher TBARS in both
the feces and colon mucosa. When compared by dietary fat type, rats fed high iron diets
had higher TBARS in the mucosa only if they were also fed the menhaden oil diet. Thus,
dietarv iron was a significant determinant of in vivo lipid peroxidation only in
combination with menhaden oil. The long-term intake of iron-fortified foods with high
menhaden oil may lead to significant increased in vivo lipid peroxidation.
(90 pages)
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CHAPTER I
INTRODUCTION
Colon cancer is one of the leading causes of cancer mortality in the United States.
More than 1 in 20 Americans develop colon cancer within their lifetime, and the
incidence is increasing. Epidemiological studies have shown that both environmental and
genetic factors determine the etiology of colon cancer in humans , with diet being the
major environmental factor (Enstrom 1981, Grah am et al. 1988). Dietary fats and iron
are factors implicated with the risk of colon cancer.
Epidemic studies show that the ratio of the intake of red meat to the intake of
chicken and fish was strongly associated with an increased incidence of colon cancer
(Willett et al. 1990). The New York Times (Kolata 1990) has reported that the incidence
of colon cancer is 0.113% in the meat eaters, but the incidence is only 0.056% in the fish
eaters. Thus , the incidence of colon cancer in the meat eaters is about twice as high as
that in the fish eaters. This was attributed to the higher iron and fat in red meat.
Membrane lipid peroxidation, the oxidative deterioration of membrane lipids, is
an effect, as well as a cause, of reactions culminating in cytotoxicity. Lipid peroxidation
can cause acute cellular injury and is, therefore, a potential initiator and promoter of
cancer (Vaca et al. 1988, Weinstein 1981).
Iron is known to play a major role in initiating and propagating reactions of
enzymatic lipid peroxidation. The iron-catalyzed lipid peroxidation requires both Fe(II)
and Fe(III) with the maximum rate of lipid peroxidation occurring when the ratio of
Fe(II) to Fe(II) is approximately one (Braughler et al. 1986, Minotti and Aust l 987a).
Dietary fat is a normal determinant of membrane structure and, thus , is a constant
modulator of biological activity of subcellular membranes and processes that may be
regulated through membranes (Clandinin et al. 199 l ). Both dietary iron and fat may play
an important role in the colonic lipid peroxid«tion.
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Lipid peroxides, free radicals, and non-radical products such as aldehydes are
known to be produced during development of lipid peroxidation and decomposition of
lipid peroxides. Some of these products have been suggested to interact with DNA to be
"endogenous mutagens." It is noteworthy that the components necessary to produce such
mutagenic insults, e.g. , oxygen and polyunsaturated fatty acids, are both present in cells
and tissues under normal conditions.

The relationship of lipid peroxidation with

carcinogenesis may be most serious in tissues and organs that are rich in fatty acids
(Yonei and Furui 1981).
In the present study, I investigated the effects of dietary iron (supplemented as
ferrous fumarate to levels in excess of dietary requirements, but at a level found in many
iron-fortified foods) and type of dietary fat (com oil, beef tallow, or menhaden oil to 15%
(wt/wt) total fat, an amount comparable to human diets) on lipid peroxidation in rat colon
contents and mucosa. The specific objectives of this study are:

1. To determine, for different levels of dietary iron , if in vivo lipid peroxidation 1s
dependent on type of dietary fat.
2. To determine, for different types of dietary fats, if iron supplementation leads to an
increase in the lipid peroxide products in both the colon contents and colon mucosa.
3. To monitor other physiological changes (body weight, blood hemoglobin levels, iron
content of the feces and of the colon mucosa, and histology of the colon) that may
accompany the different treatments of fat type and.iron level.
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CHAPTER II
LITERATURE REVIEW
IRON OVERLOAD
The use of iron supplements is controversial because they may lead to iron
overlotd. Too much iron is toxic and potentially fatal. Iron overload results from excess
dietar1 iron absorption , parental iron administration or both (Gordeuk et al. 1987).
Iron overload from excess dietary iron has been found in several areas of subSaharai Africa, where iron is derived from the traditional beer brewed in steel drums. In
this bfverage, a substanti al part of the iron is in a reduced state, and thus is easily
absorl:ed (Friedman et al. 1990, Gordeuk et al. 1986, MacPhail et al. 1979).

Iron

overlotd can also occur following therapeutic iron injection or can be due to increased
iron atsorption in patients with homozygous hereditary hemochromatosis as well as in
indivicuals with Thalassemia Major who receive repeated blood tran sfusions (Gordeuk
et al. 1987). Chronic iron overload results in an accu mulation of large quantities of iron
in varims cells and tissues , resulting in hepatocellular damage and fibrosis and eventually
leadin ~

to cirrhosis.

Peroxidative damage to lipid membranes is suggested as the

underl!ing pathogenic mechanism of iron toxicity (Gordeuk et al. 1987).

Lipid peroxidation
Ionic iron 1s known to stimulate lipid peroxidation in vitro.

Studies with

lysosones suggest that the increase of fragility is mediated by iron induced peroxidative
injury to lysosomal membranes (O'Connell et al. 1985). Other studies with hepatic
mitod:ondria and microsomes show that iron can induce lipid peroxidation in hepatic
mitoclx>ndria and microsomes, leading to functional insufficiency with subsequent cell
injury md cell death (Bacon et al. 1983, 1985).
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Iron overload in experimental animals can result in lipid peroxidation in vivo, as
e\idenced by the increase of alkane exhalation , TBARS production, and lipid conjugated
di~ nes.

Iron overload induced parenterally with iron dextran increases lipid peroxidation

in rats, measured as exhaled ethane and pentane (Dillard and Tappe! 1979). Mice and
ra:s given injections of iron dextran have enhanced levels of TBARS in liver and other
ti ssues (Britton et al. 1987). Carbonyl iron fed to rats increased the level of TBARS in
th;! liver (Britton et al. 1987). Rats fed carbonyl iron had elevated levels of conjugated
di ~nes

in hepatic microsomes and increased amounts of urinary TBARS (Meydani et al.

1991). Feeding mice diets containing Fe-fumarate can increase levels of TBARS in the
li ver and colon; no significant effect was seen in other organs (lung, heart, brain, or
kifoey) (Younes et al. 1990).

Cancer
Several studies support the hypothesis that high body iron stores increase the risk
of crncer in humans (Stevens et al. 1986, 1988) and the overall rates of death (Stevens et
al. 1983). Nelson ( 1992) proposed that dietary iron may be a principal determinant of
human colorectal cancer risk. Several human epidemiological and animal studies show
that iigh body iron stores and high dietary intake of iron increase the risk of colon cancer
( elson et al. 1989, Nelson et al. 1994, Siegers et al. 1988, Stevens et al. 1988). In a
· morel of dimethylhydrazine (DMH}-induced colon tumorigenesis in mice, dietary iron
was shown to enhance tumor incidence in a concentration-dependent mannor (Sigers et
al. 1988). This effect was found to be a consequence of stimulated cell proliferation
(Sie.sers et al. 1992, Thompson and Zhang 1991 ).

As reactive oxygen species were

shown to be involved in tumor promotion (Kensler and Taffe 1986, Perera et al. 1987),
the

~ ffects

of iron on tumoriogenesis in the DMH-model also reflected the role of

oxidative stress in colon tumoriogenesis (Siegers et al. 1992).
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Both effects, enhanced cell proliferation and pro-oxidant activity, may be directly
linked because in experimental animal tumors a relationship exists between growth rate
and basal or stimulated lipid peroxidation (Masotti et al. 1988). The influence of dietary
iron on lipid peroxidation in mouse colon, as compared with other organs, was examined
and showed that the major organ showing iron overload, besides the liver, is the colon. In
both proximal and distal colon, iron deposition was well correlated with an enhanced rate
of lipid peroxidation (Younes et al. 1990). Dietary iron was shown to increase DMHinduced colon carcinogenesis in mice; therefore, oxygen activation and lipid peroxidation
might contribute to colon carcinogenesis and cell proliferation.

LIPIDS
Lipids are organic compounds with limited solubility in water. They are present
in

biologic systems mainly as energy stores within cells or as components of cell

membranes. Most of the lipids in foods and in the human body are in the form of
triglycerides and, to a lesser extent, phospholipids. Fatty acids are major constituents of
lipids.

They are classified as saturated (lacking double bonds), monounsaturated

(containing a single double bond), or polyunsaturated (containing more than one double
bond) . Polyunsaturated fatty acids (PUFAs) are subdivided into those whose first double
bond occurs either three carbon atoms from the methyl carbon (n-3) or six carbon atoms
from the methyl carbon

(n~6).

N_,6 polyunsaturated fatty acid, particularly C 18:2. which is

the major essential fatty acid, is represented by linoleic acid (LA), and this can be
converted to arachidonic acid (C20:4). On the other hand, n-3 polyunsaturated fatty acid
(C 18:3 N3) , a minor essential fatty acid, is represented by !inolenic acid (LNA), which is
converted to membrane constituents such as eicosapentaenoic acid (EPA): C20:5 and
docosahexaenoic acid (DHA): C22:6· N-6 PUFAs are found in abundance in oil produced
from vegetables such as com oil, and fish oils are rich in n-3 PUFAs , especially C20:s and
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C 22 :6. Animal fats such as beef tallow contain smaller proportions of these PUFAs and
higher concentrations of monounsaturated fatty acids (MUFA) such as C 18: 1 (36.0%) and
saturated fatty acids (SFA) (49.8%) (RDA 1989).
Extrinsic or dietary influence on membrane lipid fatty acid composition 1s
generally recognized as a consequential physiological mechanism for alteration of
membrane structural lipid and, thus, membrane-dependent functions. This relationship
with diet occurs as a consequence of the dietary essential nature of linoleic acid and
linolenic acid and of the fact that through de novo membrane phospholipid synthesis and
acyl group turnover in membrane phospholipids, new fatty acids of dietary origin are
incorporated into membrane lipids (Clandinin et al. 1985). Within the range of adequate
nutritional status , change in the balance of fatty acids forming the dietary fat consumed
results in change in membrane structural lipid constituents in vivo and in the activity of a
wide variety of membrane factors (Renner et al. 1979).

The role of dietary fat

demonstrates that dietary fat is a normal determinant of membrane structure and thus is a
constant modulator of the biological activity of subcellular membranes and processes that
may be regulated through membranes .

Lipid peroxidation
Biochemists and food scientists have long been attracted by the biological
consequences of lipid oxidization that may arise from either in vivo reactions or ingested
foods.

Polyunsaturated fatty acids in cell membranes easily react with oxidative

intermediates , thereby initiating lipid peroxidation, which may finally result in cell
damage (Garrido et al. 1989). A plethora of evidence from in vivo and in vitro studies
suggests that the changes in fatty acid composition of cellular membranes may influence
the sensitivity of cellular membranes to lipid peroxidation.
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Cancer
Epidemiological data collected for over a decade have associated high levels of
dietary fat intake in men with an increased incidence of cancer at a number of sites,
particularly the breast and the colon (Bristol et al. 1985, Potter and McMicheal 1986).
The results stimulated a considerable amount of investigation into the effects of dietary
fat in experimental models of carcinogenesis, and it is now well established that the
incidence of a wide variety of chemically induced tumors in animals is increased with
diets containing high levels of fat, especially polyunsaturated fat (Gower 1988).
The effect of dietary fat during the stages of initiation and postinitiation of colon
carcinogenesis depends on not only the amount of fat but also on the type of fat and its
fatty acid composition. Studies conducted with animal models show that high intake of
dietary corn oil or beef fat increases colon carcinogenesis, whereas a diet high in fish oil
is without enhancing effect. The mechanisms by which various types of fat increase
colon carcinogenesis are not fully understood; however, they were proposed to explain
that the high fat may induce alterations in tumor-promoting secondary bile acid
(deoxycholic acid and lithocholic acid) content of the gut and in cell proliferation as
indicated by an increase in colonic mucosa] omithine decarboxylase (ODC) activity and
in DNA synthesis (Reddy et al. 1991 ).

LIPID PEROXIDATION
Mechanism
Free radicals are chemical species with one or more unpaired electrons and are
generally highly reactive and unstable. Free radicals can be produced in the cells and
tissues of bodies by radiation, or by reduction-oxidation (redox) reactions such as nonenzymic electron transfer reactions, enzyme-catalyzed reaction, or metal-catalyzed
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processes (Slater 1984). Free radicals are believed to play various roles in tissues injury
and disease (Kehrer 1993).
Oxygen is required in aerobes as an electron sink for energy-yielding reactions
and as a reagent for numerous metabolic transformations involving oxidation. On the
other hand, oxygen is toxic. All oxidative damage in biological systems arises ultimately
from molecular oxygen (DiGuiseppi and Fridovich 1983). The toxicity of molecular
oxygen is based on the ability of this molecule to undergo reduction. There are many
forms of oxygen that can cause membrane lipid peroxidation, including hydroxyl radical
HO", superoxide anion o-· 2, singlet oxygen 10 2, and the hydroperoxide radical Hoo·.
These forms can exist in a free and uncombined state and are able to interact with various
tissue components (Kehrer 1993).
Lipid peroxidation is a free radical-mediated process that can result in acute cell
injury if the normal defense mechanisms are decreased or even completely overwhelmed.
In a cellular context, polyunsaturated fatty acids, especially C 20 :4 and C 22 : 6 , of
membranes can undergo peroxidation while esterified as in phospholipids (Slater 1984 ).
The process of lipid peroxidation may be divided into initiation, propagation , and
termination stages. In initiation, the PUFA side chain of a lipid is converted via ff
abstraction into a lipid free radical, R. + PUFA(H) -> RH+ PUFA ·. This then reacts
with molecular oxygen, forming a peroxylipid radical, PUFA"

+0

2 -> PUFA0 2".

Most of the PUFA02 ·radicals will abstract ff from ·another PUFA(H) atom, giving a
lipid hydroperoxide and another lipid radical in propagation. PUFA0 2· + PUFA(H) ->
PUFA0 2H + PUFA". In termination stage, 2 radicals combine to yield a nonradical
product to remove free radicals, A· + B · -> AB (Slater 1984).
Iron can play an important role in initiation and propagation reactions of
enzymatic lipid peroxidation. One theory is that iron may serve as a catalyst for the yield
of a hydroxyl radical (HO·), which can initiate lipid peroxidation. As a catalyst, iron
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functions as an electron acceptor from 0 2·- as well as a Fenton reagent, generating HO ·
from H 20 2, and 0 2·- functions as an iron reductant and provides H 20 2 via dismutation.
+

0 2·-

->

Fe2+ + 0 2

20 2·- +

2H+

->

0 2 + H 20 2

Fe2+

H 20 2 - >

Fe3+

+

Fe3+ +Ho· + OH-

These sequences of reactions are often called the "iron-catalyzed Haber-Weiss
reaction" or, more correctly, the "superoxide-driven Fenton reaction" (Samokyszyn et al.
1990).
Another theory is that iron is the actual initiator of lipid peroxidation. Iron ions
may participate in initiation by catalyzing the conversion of primary oxygen radicals into
hydrox yl radicals or ·OH-like species or by forming a perferryl or a ferrous-oxygen-ferric
complex after oxygen binding (M inotti and Aust 1987a). Minotti and Aust (1987b) have
proposed a mixed valence iron model:
Fe3+
(INACTIVE)

Fe2+
(INACTIVE)
AFFECTED BY:
CHELATION
pH
OXIDATION

OXIDATION

Fe2+ : Fe3+

INITIATION OF LIPID PEROXIDA TION
From this model, the addition of oxidants to systems containing Fe 2+ or
reductants to systems containing Fe3+ may stimulate or inhibit lipid peroxidation
depending on the rate and extent of Fe2+ oxidation or Fe3+ reduction . This model
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predicts that in systems containing Fe3+, reduction would be required, but complete
reduction would inhibit lipid peroxidation . This model also predicts that in systems
containing Fe 2+, oxidation would be essential, but complete oxidation would also have an
inhibitory effect on lipid peroxidation. Therefore, the concentration of iron, oxidants, and
reductants would be critical, and all of these would be affected by pH and the iron
chelator. Several studies have demonstrated that iron-catalyzed lipid peroxidation is
determined by the absolute Fe3+ : Fe2+ ratio. The maximal initial rate occurs when the
Fe3+ : Fe2+ ratio is 1: 1 (Braughler et al. 1986, Minotti and Aust 1987b).

Animal studies
Since iron could initi ate lipid peroxidation, an d fat could provide copious
substrate for peroxidation , a few data show that dietary fat can increase the susceptibility
to iron induced in vitro and in vivo lipid peroxidation. Garrido et al. ( 1989) showed that
ingestion of high doses of fish oil increased the suscepti bility of cell ular membranes
(erythrocyte and hepatic microsomal membranes) to the induction of in vitro lipid
peroxidation by prooxidants such as Fe2+-ascorbate or the NADPH-Fe3+-ADP system.
At the same time , Hu et al. (1989) also showed that tissues (liver and kidney) from rats
fed I 0% menhaden oil for 5 wks were more susceptible to in vitro lipid peroxidation
induced by ferrous sulfate than those tissues from rats fed I 0% corn oil-lard. After 1
year, Hu et al. (1990) reported that dietary menhaden oil {MO) increased TEARS in both
zero-time and incubated homogenats of tissues (liver and kidney) from rats injected with
iron. However, conjugated dienes assayed in zero-time tissue homogenates as an in vivo
lipid peroxidation index were not affected by dietary MO . Thu s, whether or not MO
feeding enhances lipid peroxidation in vivo awaits further investigation.
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Cancer
A better understanding of the molecular events leading to cancer was developed
by the 2-stage theory of carcinogenesis. The first stage of carcinogenesis involves an
irreversible genetic change called initiation. Promotion, however, involves the selection
and promotion of initiated cells. Unlike initiation, promotion appears to be reversible and
can be arrested by certain anticarcinogenic agents. Although the transformation of a
normal cell into a proliferating cell in an uncontrolled fashion is a highly complex
multistep process, the 2-stage theory remains useful for discussing the potential role of
free radicals (Weinstein 1981 ).
Lipid peroxidation is a chain reaction process that involves the participation of the
free radical species and has been shown to induce alterations in several cellular functions.
In the various steps of lipid peroxidation, chemical alterations may induce DNA damage.
During the initiation, a direct reaction may result between oxygen radicals and DNA.
During the propagation, the reaction continues between DNA and lipid radicals, such as
L. (primary lipid radicals), LO" (alkoxy radicals), and LOO" (hydroperoxy radicals).
Peroxyl radicals (LOO") have been shown to act as potential mediators of tumor initiation
and promotion. DNA acts as a radicals scavenger/antioxidant, since it stops the lipid
peroxidation process, either at the level of initiation or propagation.

During the

termination, a variety of non-radical products of the lipid peroxidation, especially
malondialdehyde (MDA) can interact directly with DNA and cause genetic damage
(Marnett 1987, Vaca et al. 1988, Yonei and Furui 1981 ).
Recently , oxygen-derived free radicals have been thought to be the most common
type of free radicals. DNA can be modified by these free radicals both in vivo and in
vitro (Halliwell and Gutteride 1984, Kehrer 1993). The research emphasis linking freeradicals and cancer has focused on the intermediates of oxygen reduction such as
superoxide anion and hydroxyl radical.

These free radicals are important in tumor
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promotion. They may be the initiation factors in combination with ionizing radiation or
metabolic activation of various xenobiotics. There is still, however, a Jack of available
evidence to conclude that free radicals are major factors in either tumor initiation or
promotion .

Measurement
As previously discussed, lipid peroxidation in biological systems consists of a
complex series of reactions. In these reactions, the various reactive intermediates (alkyl,
alkoxyl , peroxyl radicals) are not directly monitored , but rather the secondary or end
products , such as lipid peroxides, conjugated dienes, and alkane gases, are analyzed.
Each of the wide variety of analytical procedures for the evaluation of lipid peroxidation
has its strong points and its limitations. The so-called thiobarbituric acid (TBA) test is
most widely used for studying lipid peroxidation . This test is relatively simple and easy
to establish in the laboratory.

However, the test does not measure lipid peroxides

directly; it relies on the decomposition of oxidized lipids by heat (boiling water bath) and
acidic conditions to liberate malondialdehyde (MDA). The condensation of 1 molecule
of MDA with 2 molecules of TBA yields a pink chromogen , which in turn is measured
spectrophotometrically at 535 nm (Janero 1990).
Although experimental procedures to determine MDA by the TBA test vary
. considerably, the procedure given by .Buege and Aust (1978) is the most widely used . . A
sample containing the biological material (e.g., a tissue homogenate) is mixed with
trichloroacetic acid (TCA) to precipitate proteins. Other acids can replace TCA, which is,
however, the most convenient for precipitation of the proteins of the sample. The use of
butylated hydroxytoluene (BHT) in the assay mixture has been recommended to prevent
iron-induced lipid peroxidation during the assay when tissue samples are directly assayed
in the TBA test.
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There 1s an increasing need for reliable methods to detect in vivo lipid
peroxidation. Pompella et al. (1987) compared some of the methods commonly used to
detect lipid peroxidation in vivo: measurement of the MDA content of the liver; detection
of diene conjugation absorption in liver phospholipids; measurement of the loss of
polyunsaturated fatty acids in liver phospholipids; and determination of carbonyl
functions formed in acyl resides of membrane phospholipids as a result of the
peroxidative breakdown of phospholipid fatty acids. They found that the correlations
among the values obtained with these methods show high statistical significances. The
evidence indicates that the procedures for measurement of lipid peroxidation in vivo are
comparably reliable.

LARGE INTESTINE
Sources of iron in the large bowel

In normal individuals consuming a typical Western diet, substantial amounts of
iron are delivered to the colon because only a small fraction of dietary iron is absorbed in
the upper gastrointestinal (GI) tract (Babbs 1990).
Simple calculations of colonic iron input and output can bracket the relevant
range of iron concentrations expected within the lumen of the colon. Consider a diet
containing foods of moderate to high iron content, in which I 0 mg of iron are consumed
per day, leaving 9 mg/day residue. Assuming a stool volume in the range of 0.5 to 5
L/day, one would expect fecal iron to be approximately (9 mg Fe)/(0.5 to 5 L) x (1
mmol)/(56 mg) = 32 to 320 µmol/L, a value I 0-fold greater than in most tissues and more
than adequate to promote the superoxide-driven Fenton reaction (Babbs 1990). The
possible role of dietary iron derived from the consumption of red meat is indirectly
supported by epidemiologic data indicating relatively greater incidence of ulcerative
colitis in the United States, which may be caused by lipid peroxidation (Babbs I 992).
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Presence of chelators that support fen ton chemistry
Feces are rich in bile pigments such as bilirubin, biliverdin, and urobilinogen.
These compounds, which are derived from iron-binding heme pigments during normal
breakdown of red blood cells in the liver and spleen and are excreted in the bile, give
feces their characteristic brown color. Although these bile pigments have been proposed
to function as chain-breaking antioxidants, they are also excellent iron chelators of the
type that not only keep iron soluble at near neutral pH but also promote, rather than
inhibit, Fenton chemistry (Babbs 1990).
Other potential low-molecular-weight chelators of iron that may be abundant in
the GI tract are the dicarboxylic amino acids, such as aspartate and glutamate. Such
dicarboxylic acid complexes with iron may support Fenton chemistry within the intestinal
tract with an efficacy similar to that demonstrated in vitro for iron chelates of EDT A and
citrate (Smith et al. 1990). Assuming that the resultant amino acid chelates of iron
remain in the lumen of the GI-tract, they would naturally be carried down stream and
become concentrated in the colon.

Sufficiency of oxygen
Although feces are usually considered a predominantly anaerobic environment,
aerobic and microaerophilic species, such as E. coli, thrive (Babbs 1990). Measurements
of oxygen tension at the surface of the normal colon reveal partial pressures of 30 to 40
mmHg, which have been shown both theoretically and experimentally to permit half
maximal rates of lipid peroxidation (Babbs 1992). Thus, the surface oxygen tension of
colonic mucosa is adequate to support lipid peroxidation.
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Integrated free radical hypothesis
In fecal flora, metabolic activity of numerous aerobic species is known to generate
reductants, such as H 2 S, that may tend to keep iron in the ferrous state. Such reduced
iron can then readily react with any hydrogen peroxide produced by microaerophilic
species to generate significant numbers of hydroxyl radicals by Fenton's reaction in the
moderately or weakly aerobic regions of bulk fecal material.

[Fe+2A-n] + 0

2

->

[Fe+3A-n] + 0 2·-, where A-n is a low molecular weight chelator anion . These conditions
lead to hydroxyl radical formation via the superoxide driven Fenton reaction (Babbs
1990).

Thus, a hypothesis has been presented that intracolonic production of oxygenderived free radicals may play a role in carcinogenesis.

Intracolonic free radical

formation, such as fecal HO" , or secondary peroxyl radicals, may explain the high
incidence of colon cancer as well as the observed correlation of a high incidence of colon
cancer with much red meat in the diet, which provides more iron, and with excessive fat
in the diet, which provides more procarcinogens and stimulates bile secretion (Babbs
1990). In addition, Blakeborough et al. (1989) have proposed that secondary bile acids,

suc h as lithocholic acid and deoxycholic acid, bacterial meaquinones, and iron (II)
complex interact to induce an oncogenic effect in the colon by the generation of free
radicals , which subvert the normal mucosa) defense mechanisms .
menaquinones are synthesized primarily by Bacteroides fragilis

Endogenous
strains, which

predominate in the colon of subjects on diets rich in animal fat and red meat and low in
fiber. Through clinical therapy, the survival rates of colon cancer have not changed
significantly. The results presented suggest that oxygen-derived free radicals may play a
key role in the management of colon cancer by reducing its aggressiveness and by
impairing its spread through sustaining the integrity of biological tissues, thus incurring a
significant: survival advantage (Salim 1993).
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CHAPTER III
FOOD OXIDATIVE STATUS
ABSTRACT
Preliminary studies were undertaken to investigate whether or not added iron (0,
35, 880 ppm of iron as ferrous fumarate) and fat type (com oil, beef tallow, or menhaden
oil) influenced the oxidation of the rat diet during storage.

Iron level affected

thiobarbituric acid (TBA) values only in the menhaden oil diets. Storage for 4 d did not
affect TBA values of the diets. Neither food intake nor body weight of the rats was
affected by the different diets, suggesting that all diets were equally acceptable to rats.

INTRODUCTION
Iron may be an initiator of lipid peroxidation. Also, iron is an effective catalyst
for the yield of a hydroxyl radical, which can initiate lipid peroxidation. Iron catalysis
would accelerate oxidation of coexisting unsaturated fatty acids.
Diets high in polyunsaturated fatty acid (PUFA) can deteriorate rapidly. The n-3
PUF As present in fish oil test materials have 5-6 double bonds and are prone to undergo
oxidative reactions when exposed to air at room temperature. Feeding of purified diets
containing fish oil, without added antioxidant, leads to rapid oxidation of the oil and the
possibility of artifactual results : Purified diets containing menhaden oil without any
added antioxidant deteriorate quickly. Peroxide value of the diet is elevated 5- to 6-fold
within 24 h and 12-fold within 48 h when exposed to air at room temperature (Fritsche
and Johnston 1988). Addition of 0.02% t-butylhydroquinone to the fish oil prevents this
deterioration for at least 72 h. The additional antioxidant at this level was suggested in
1980 as part of the regular formulation of the AIN-76A diet to prevent oxidation of the
fats during mixing and storage (American Institute of Nutrition 1993).
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Additionally, Fritsche and Johnston (1988) suggested that food intake of rats and
mice decreases rapidly when n-3 PUFAs have oxidized in the experimental diet.
Therefore, it is useful to monitor food intake and body weight changes as good
experimental practices. They also recommended that animals must be provided with a
fresh fish oil diet a minimum of every 48 h and the remaining diet be discarded. Food
cups must be washed thoroughly at least once a week. Based upon overall findings and
observations, it should be decided whether the diets need to be prepared on a daily, biweekly, or weekly basis.
The thiobarbituric acid (TBA) test is commonly used for detecting lipid oxidation.
This test is simple to conduct and is highly sensitive, although its specificity is rather
uncertain. It has been used in the field of food science for the past 2 decades to detect socalled secondary products of lipid peroxidation and to evaluate deterioration of oils. In
the field of medical science, it has been used to test blood and tissues for lipid peroxides.
There are some differences in procedures used in the 2 fields. For example, the sample
heating time required by food science is shorter than that required by medical science.
This is because the food science applications determine the existence of only secondary
products, which coexist with lipid peroxides, while the medical science applications aim
to ascertain the presence of lipid peroxides (Asakawa and Matsushita 1979). In order to
prevent iron-induced lipid peroxidation during the assay, butylated hydroxytoluene
(BHT} is used in the assay mixture when samples containing lipids are directly assayed in .
the TBA test (Buege and Aust 1978).
For proper evaluation of diets to maintain consistent quality, the specific
objectives in the study are:
I. To determine whether or not differences exist in oxidation of diets due to added iron,

type of fat, and storage.
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2. To determine whether or not experimental rat diets can be stored for 4 d without
significant increase in oxidative rancidity (which may result in artifacts during feeding
studies).
3. To determine whether or not all experimental diets are equally acceptable to the rats.

MATERIALS AND METHODS
Diets and animals
Diets
A semi-synthetic basal diet was prepared as presented in Appendix C. The diets
were formulated according to AIN-76 guidelines . The basal diet contained 10% (wt/wt)
com oil and 35 ppm Fe as ferrous fumarate. This level of iron was sufficient to meet the
requirement of the rat.

Animals
Twelve 21-d-old male Sprague-Dawley rats (Simonsen Laboratories, Gilroy,
California) were individually housed in stainless steel cages with mesh bottoms and
fronts and fitted with stainless steel funnels for collecting feces. They were kept in a
temperature-controlled room at about 23oc with 50% humidity and a 12-12 h light-dark
cycle. Rats were given free acess to food and water .

Experimental design
Diets
Nine semi-synthetic experimental diets were prepared as described in Appendix

C. These diets were formulated using various fats (corn oil, C; beef tallow, B; and
menhaden oil, M) and 3 levels of added iron (0, 35 ppm, and 880 ppm). The 35 ppm
added iron was sufficient to meet requirements of the rat, while the 880 ppm added iron
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was about the iron concentration found in many iron-fortified foods, such as breakfast
cereal. The nine diets are 15% C + 0 ppm Fe; 15% C + 35 ppm Fe; 15% C + 880 ppm
Fe; 14% B + 1%C+0 ppm Fe; 14% B + 1%C+35 ppm Fe; 14% B + 1% C + 880 ppm
Fe; 14% M + 1% C + 0 ppm Fe; 14% M + 1% C + 35 ppm Fe; 14% M + I% C + 880
ppm Fe.
Diets without Fe were used only to test fat oxidation and were not fed to rats.
Corn oil was purchased at local stores and stored at 4oc after being opened. Beef tallow
was obtained from the meat laboratory of Nutrition and Food Sciences at Utah State
University and stored at -2 ooc.

Menhaden oil was provided by Zapata Haynie

Corporation (Reedville, VA) and stored at -2ooc. An iron-free mineral mixture was
prepared and stored at 4oc. Dry components were mixed and then were added with oil.
After that, 35 ppm or 880 ppm Fe as ferrous fumarate were mixed into the diet. All
experimental semi-purified diets were stored in containers lined with heavy-duty
aluminum foil at 4oc in the dark. TBARS production was tested at the beginning and at
day 5 after the diet was prepared. Fat oxidations in the diets were determined by testing
TBARS in diets (Buege and Aust 1978). BHT was used to prevent peroxidation during
the TBA test.

Animals
Twelve weanling Sprague-Dawley rats (Simonsen Laboratories, Gilroy,
California) were fed a basal diet and deionized water for 2 d after arrival.
experimental diets were given, all rats were weighed.

Before

Then, the rats were divided

randomly ir.to 6 test groups of 2 rats each. Each group was fed 1 of 6 test diets for I wk.
All rats

we ~e

provided fresh diet every day with remaining diets discarded. The food

cups were \i/ashed thoroughly every day.

The experimental diets were made fresh twice

each week. Food intake and body weight were recorded every day.
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Analysis
Thiobarbituric acid test
Fat oxidation in diets was measured using 2-thiobarbituric acid (TBA) assay
(Buege and Aust 1978, see Appendix F for details) . Fifteen minutes of heating during
the TBA test are sufficient to complete the reaction; a longer heating time promotes the
oxidation of unoxidized fatty acids (Asakawa and Matsushita 1979). It is necessary to
add a metal salt to the reaction mixture to complete the reaction (Asakawa and Matsushita
1980). Furthermore, addition of an antioxidant is necessary to prevent oxidation if
unoxidized unsaturated fatty acids coexist. These tests were repeated on the rat diets in
the present study, and the results are consistent with their findings (See Table 6 in

Appendix I).

BHT was used at the level of 0.1 % in reaction mixture, based on

preliminary experiments, which indicated that this level provided approximately
maximum protection against oxidation during the assay (Fig. 1, Appendix F). BHT
added to MDA standards affected neither the formation nor the deletion of TBA-MDA
adduct. The results with spectrophotometry are consistent with the values measured by
HPLC with fluorescence detection (Tatum et al. 1990).

Statistical analysis
Data were analyzed statistically by a 2-way ANOV A and randomized complete
block ·desigri (Moore and McCabe 1989). The Fisher's ·)east significant difference test
(LS D) was used to compare individual means when the F ratio was significant (p < 0.05).

RESULTS AND DISCUSSION
TBA values for the diets are given in Table 1. In the fresh diets or 4-d-old corn
oil and beef tallow diets, there were no differences (p > 0.05) of TBA values between
diets of different iron level. These TBA values were lower than those found in rodent
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chow (3.6 µg/g) (Bird et al. 1983). As expected, menhaden oil diets showed higher TBA
values than corn oil diets and beef tallow diets. The menhaden oil diet with 880 ppm Fe
exhibited higher TBA values than the menhaden oil diets with 35 ppm Fe or without iron.
However, there was no difference in TBA values among all the treatments of fresh diets
compared to the same 4-d-old diets. Thus, no significant oxidation was found in these
diets during storage, and the results are consistent with other values for menhaden oil
diets reported elsewhere in the literature (Kuratko and Pence 1991 ).
The n-3 PUFAs present in fish oil materials have 5-6 double bonds and are prone
to undergo oxidative reactions when exposed to air at room temperature . Iron is an
effective catalyst for the decomposition of hydroperoxides, and is able to accelerate
oxidation of coexisting unsaturated fatty acids. Therefore, menhaden oil diets are easier
to be oxidized during the TBA test, and the higher level of iron further accelerates the
oxidation in this kind of diet.
On the other hand, different diets did not affect food intake of rats and their body
weights (Table 2), indicating that all experimental diets were equally acceptable to rats
and that the oxidative rancidity in the diets did not cause acceptability problems when the
diets were prepared twice a week.

CONCLUSION
Iron ·1evel affected TBA value·s ortly in the menhaden ail diets. However, storage
for 4 d did not affect TBA values of the diets. Neither food intake nor body weight of the
rats was affected by the different diets, suggesting all diets were equally acceptable to
rats. Thus, oxidative rancidity in the diets did not cause acceptability problems when the
diets were prepared fresh twice a week.
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TABLE 1
TBARS 3 production in the fresh and 4-d-old diets
Dietb

4-d-old sample

Fresh Sample
µgMDNgdiet

co

2.26±0.01

2.28±0.00

C35

2.23±0.01

2.27±0.05

C880

2.74±0.20

2.71±0.10

BO

2.16±0.03

2.01±0.06

B35

2.19±0.10

2.11±0.01

B880

2.24±0.25

2.15±0.03

MO

5.40±0.70

5.38±0.03

M35

5.68±0.40

6.12±0.02

M880

9.42±0.60

9.41±0.00

LSDC

0.71

0.64

a Values are mean± standard deviation for each diet; n = 2 in all groups.
b C ,,,; c.orn oii ; i3 ~ beef tallow ; M~ merihaderi oil;· 0: rio Fe; 35: 35 pprri Fe; 880: 880
ppm Fe.
c Fishers least significant difference (LSD) calculated when F was significant at p < 0.05.
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TABLE2
Food intake and body weight changes for rats during 7 d

Food Intakeb

Body Weight Gainb

(g/day)

(g/day)

C35

9.8 ± 1.8

5.5 ± 1.4

C880

10.2 ± 2.5

4.9 ± 1.3

B35

9.9 ± 2.2

5.5 ± 1.6

B880

I 0.1 ± 2.4

5.6 ± 1.6

M35

9.1±2.3

4.1 ± 1.0

M880

9.6± 2.3

4.1 ± 0.8

ac =corn oil; B =beef tallow ; M= menhaden oil; 35: 35 ppm Fe; 880: 880 ppm Fe.
bData are mean ± standard deviation for each treatment; n = 2 rats in all groups.
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CHAPTER IV
EFFECTS OF DIETARY FATS ON IN VIVO LIPID PEROXIDATION
INDUCED BY DIETARY IRON IN RAT COLON
ABSTRACT
The effects of iron supplementation and fat type on in vivo lipid peroxidation in
rat colon were studied. Semi-synthetic diets were formulated to contain 15% (wt/wt)
total fat, an amount comparable with human diets, as either 15% com oil (C), 1% corn oil
+ 14% beef tallow (B), or I% corn oil+ 14% menhaden oil (M). Diets of each fat type
were formulated with ferrous fumarate to contain 35 ppm iron , a level sufficient to meet
the requirement of the rats, or 880 ppm iron, a level similar to that found in iron-fortified
breakfast cereals. During a 6-wk study, each of 6 groups of I 0 male wealing SpragueDawley rats was fed 1 of the 6 diets (C35, C880, B35, B880, M35, M880). Lipid
pcroxidation products in the colon mucosa a nd in the feces were measured as
thiobarbituric acid reactive substances (TBARS ), and other possible physiological
changes were monitored by measuring body weight, and iron levels of the feces and
colon mucosa, and by observing the histology of the colon. At the beginning of the trial,
each group of rats had similar body weights and TBARS in the feces. After the feeding
trial , groups of rats remained similar in body weight, and no histological changes were
. observed in the colon. However, rats fed the different dietary fats had different (p < 0.05)
TBARS in the feces and the colon mucosa (B<C<M). Further, TBARS were greatest
with menhaden oil diets, whether comparing the low iron diets or the high iron diets.
Thus, the type of dietary fat was a significant determinant of in vivo lipid P-eroxidation,
independent of dietary iron level. Rats fed the high iron diets had higher TBARS in both
the feces and the colon mucosa . When compared by dietary fat type, rats fed high iron
diets had higher TBARS in the mucosa only if they were also fed a menhaden oil diet.
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Thus, dietary iron was a significant determinant of in vivo lipid peroxidation only in
combination with menhaden oil. The long-term intake of iron-fortified foods with high
menhaden oil may lead to significant increases in in vivo lipid peroxidation.

INTRODUCTION
Dietary fat and iron intake have been associated with increased incidence of colon
cancer (Potter and McMicheal 1986, Stevens et al. 1988). Dietary fat can influence
membrane structure, and membranes with a high unsaturation index are more sensitive to
peroxidation (Vossen et al. 1993). Iron may initiate and catalyze lipid peroxidation
(Minotti and Aust l 987a, Samokyszyn et al. 1990).

Lipid peroxides may affect

regulations of DNA synthesis and cell division (Yonei and Furui 1981) and may also be
involved in a number of diseases such as inflammation of the large bowel and cancer
(Ke hrer 1993). Studies of the individual effect of dietary fat or iron on colonic lipid
peroxidation have been reported (Turini et al. 1991, Younes et al. 1990). However, the
interaction of dietary fat and iron on colonic lipid peroxidation is not well understood.
In the present study, I investigated the effects of dietary iron (supplemented as

ferrous fumarate to levels in excess of dietary requirements, but at a level found in many
iron-fortified foods) and type of dietary fat (com oil, beef tallow, or menhaden oil to 15%
(wt/wt) total fat, an amount comparable to human diets) on lipid peroxidation in rat colon
contents and mucosa. The specific objectives of this study are:
1. To determine, for different levels of dietary iron, if in vivo lipid peroxidation is
dependent on type of dietary fat.
2. To determine, for different types of dietary fats , if iron supplementation leads to an
increase the lipid peroxide products in both the colon contents and colon mucosa.
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3. To monitor other physiological changes (body weight, blood hemoglobin levels, iron
content of the feces and of the colon mucosa, and histology of the colon) that may
accompany the different treatments of fat type and iron level.
Six semi-synthetic experimental diets were prepared using 3 types of fats (corn
oil, beef tallow, and menhaden oil) at 15% level and 2 levels of added iron (35 ppm and
880 ppm Fe as ferrous fumarate ).
Reasons for choosing the types and levels of fat and iron in the experimental diets
were based on human consumption data. In the NHANES II survey ground beef was
found to be the single largest contributor of fat to the U.S. diet. Corn oil is the most
common vegetable oil in the U.S . diet. Fish oils are consumed by some to lower the risk
of coronary heart diseases (Herold and Kinsella 1986). However, since fish oils contain
highly unsaturated and, potentially, n-3 fatty acids, concerns have been raised over their
tendency for peroxidation in vivo (L'Abbe et al. 1991, Meydani et al. 1991). Therefore,
the 3 common fats, beef tallow, corn oil, and menhaden oil, were chosen as fat sources
for the diets.
Since most people in United State consume too much fat, dietary fat has become a
serious problem. RDA (1989) reported that more than one-third of calories consumed by
most people in the United States are provided by fat. This translates into approximately
15% (wt/wt) fat in the diet. Accordingly, 15% dietary fat was used in the rat diets of the
present study.
Many iron compounds have been used as iron supplements. Ferrous sulfate is the
cheapest and most widely used iron source for food fortification. It is commonly used as
a standard reference for comparison with other compounds. Ferrous fumarate is also
widely used as an iron fortificant in food or as iron supplements in tablets. Since it is
slowly soluble in water, but readily soluble in dilute acids such as gastric juice, ferrous
fumarate is sufficiently unreactive to avoid causing fat oxidation and color changes
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during food storage, yet is adequately soluble in the gastrointestinal lumen to be available
for absorption (Hurrell et al. 1989). Its bioavailability is similar to ferrous sulfate in both
rats and humans (Hurrell 1985).
For iron-sufficient rats, 35 ppm Fe is required in the diet. In many iron-fortified
cereals, the concentration of iron per serving size is between 350 mg/kg and 880 mg/kg.
The iron level of 880 ppm is nontoxic based on a reported oral LD 50 of >2320 mg Fe/kg
(Weaver et al. 1961 ). Thus, diets were prepared with 35 or 880 ppm as ferrous fumarate.
Diets were fed for 6 wk . Oral administration of iron results in marked and
progressive increase in rat hepatic iron concentration, which reaches a maximum value at
40 d and then remains mainly constant for a further period of 30 d examined (Masini et
al. 1989). Feeding mice diets containing different amounts of Fe-fumarate over a period
of 4 wk results in a dose-dependent increase of iron concentration in the liver as well as
in the proximal and di stal colon (Younes et al. 1990). Dietary fatty acid has been shown
to induce cell proliferation in rat colon for 6 wk (Rozhin et al. 1984).

MATERIALS AND METHODS
Animal husbandry
Animals
Sixty 21-d-old male Sprague-Dawley rats (Simonsen Laboratories, Gilroy,
California) were individually housed in stainless steel cages with wire mesh bottoms and
fronts fitted with stainless steel funnels for collecting feces.

They were kept in a

temperature-controlled room at about 23oc with 50% humidity and a 12-12 h light-dark
cycle. Rats were given free acess to food and water.
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Diets
Six semi-synthetic treatmental diets were prepared as described in Appendix C.
These diets were formulated using various fats (com oil, C; beef tallow, B; and menhaden
oil, M) and 2 levels of added iron (35 ppm, and 880 ppm) as ferrous fumarate. Total fat
in each diet was 15% (wt/wt). Corn oil was 1% of the diet to provide for growth of rats.
The 35 ppm added iron was sufficient to meet requirement of the rats as control groups,
while the 880 ppm added iron was about iron concentration found in many iron-fortified
foods. These diets were made fresh twice weekly, wrapped in heavy-duty aluminum foil
and stored in the dark at 4oc.

Experimental design
Sixty weanling rats were fed the basal diet (Appendix C) and deionized water for
wk after arrival. Before experimental diets were given, all rats were weighed and
approximately I 00 µL blood was drawn from the retro-ocular capillary bed into a
heparinized glass capillary tube for Hb determination by the cyanmethemoglobin method
(Crosby et al. 1954). Then the rats were randomized into 6 test groups of 10 rats (Table
3). Each group was fed I of the treatment diets for 6 weeks. All rats were provided fresh
diet daily, and nonconsumed food was discarded. The food cups were washed thoroughly
every day. On the 43rd day , all rats were weighed again, and blood was drawn for Hb
determination. After that, the animals were killed with C02. ·Morning feces samples, one ·
collected on the 1st day and the other on the 43rd day, were analyzed for iron content and
TBA values.
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TABLE3
Experimental design
Fat Sourcesa

Beef tallow

Com oil

Menhaden oil

Iron levelsb

Total

35 ppm

10 rats

10 rats

10 rats

30 rats

880 ppm

10 rats

10 rats

10 rats

30 rats

Total

20 rats

20 rats

20 rats

60 rats

aFat sources at 15 % (wtJwt) of diet.
b Amount of iron added as ferrous fumarate .

Sample preparation and analysis
Cryosectioning
Rats were killed, and the colons were excised. Each colon was flushed with
isotonic KC! several times to wash out the colon contents. About 1 to 2 cm of the colon
was randomly picked up from the proximal , distal, . and middle. part an.d Jrpzen
immediately in freezing isopentene with liquid nitrogen. Sections were cut and stained
with feulgen reagent to detect DNA (Lillie 1951, see Appendix F for details). The
remaining tissue samples were used for iron and MDA analyses.

Homogenates preparation
The remaining sections were split longitudinally along the mesenteric axis .
Exl:ess liquid was remo·ved with ashless paper, ar.d the epithelial mucosa was gently

30
scraped with a microscope slide. The mucosal scrapes were weighed and homogenized in
4 mL of KC! tris buffer (150/25 mmol/L), pH 7.5, with 5 strokes at full speed of a biohomogenizer (Bioespec Products, Inc., model M 133/1281-0). All the procedures were
conducted in a cold-room at 4oc. From each homogenate, a 1-mL aliquot was wet ashed
(described below) for total iron contents, and a 1-mL aliquot was frozen in liquid nitrogen
and stored at -7ooc for TBA tests.

Hemoglobin determination
Hb concentration was measured by cyanmethemoglobin method described by
Crosby et al. 1954 (Appendix B).

Total Iron determination
All samples analyzed for total iron were wet ashed. Wet ashing was done as
follows. Triplicate 25-mg aliquots of ground feces were weighed into glass test tubes
( l 3x 100 mm) to which 1 mL concentrated nitric acid was added for predigesting about 2
h. Samples were heated until dry on a hot plate with temperature set at "low" level.
Drops of 30% H 2 0 2 were added if the sample residue was not white. After the tubes and
contents attained room temperature, the white ash was dissolved in 0.5 mL 6 nmol/L HCI
and diluted with deionized water to a proper concentration for colorimetric assay.

In the case of colonic mucosa samples, 1 mL of whole homogenates of colonic
mucosa was added to glass test tubes. The wet ashing iron analysis procedure was carried
out the same way as for feces.
Iron was determined in digests using Ferrozine (Stookey 1970, see Appendix E
for details) . Triplicate 1-mL aliquots of the digests were pipetted into a test tube for iron
quantitation . One mL of 1% ascorbic acid was added to reduce all of the iron to the
ferrous state. The mixture was allowed to stand at room temperature for 15 min. To each
tube, 2 mL of 10% ammonium acetate (wt/v) was added as a buffer, followed by the
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addition of 1 mL of 1 mmol/L Ferrozine color reagent, which forms color with the
ferrous iron. The solution (5 mL) was allowed to stand 45 min for complete color
formation before reading absorbance at 562 nm with a Bausch & Lomb (Rochester, NY)
Spectronic 20 Spectrophotometer.

Thiobarbituric acid test
Lipid peroxidation m whole homogenates of colon mucosa and feces was
measured using the 2-thiobarbituric acid (TBA) assay (Buege and Aust 1978, see

Appendix F for details). Butylated hydroxytoluene (BHT) was included in the assay
mixture to prevent in vitro lipid peroxidation (Buege and Aust 1978, see Appendix F for
details). Samples were assayed in duplicate.

Cell proliferation
Cell proliferation in colon mucosa was measured using immunocytochemistry
(Waseem and Lane I 990, see Appendix G for details).

Proliferation Cell Nuclear

Antigen (PCNA) staining of nuclei is a sentive and reliable index of the S phase of cell
proliferation .

Statistical analysis
Data were analyzed statistically by a 2-way ANOV A and randomized complete
block design (Moore and McCabe 1989). The Fisher's least significant difference test
(LSD) was used to compare individual means when F ratios were significant (p < 0.05).

RESULTS AND DISCUSSION
Objective 1
Lipid peroxidation products in the colon mucosa and feces were measured as
TBARS . At the beginning of the trial, TEARS in feces were similar among each group
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of rats. After the feeding trial, rats fed the different dietary fats had different (p < 0.05)
TBARS in the feces and colon mucosa (B<C<M) (Table 4). Rats that received the
menhaden oil diets had the greatest TBARS (C<M and B<i\1) whether comparing the low
iron diets or the high iron diets (Table 5). Therefore, the type of dietary fat was a
significant determinant of in vivo lipid peroxidation, independent of dietary iron level.
The effect of fat on TBARS in mucosa may be related to fat effect on structure of
the lipid membranes. Feeding high menhaden oil diets results in an increase of the n-3
polyunsaturated fatty acids in colon mucosa (Reddy and Sugie 1988). Fatty acid
composition of cellular membranes influences their sensitivity to lipid peroxidation
(Vossen et al. 1993). Changes in fat level and fatty acid composition of the diet alter the
mucosa! cell membrane lipid composition in the rat large intestine and influence
susceptibility of mucosa cell lipid to peroxidation (Turini et al. 1991 ). In agreement with
their results, the present study showed that the type of dietary fat was a significant
determinant of lipid peroxidation in colon.
Hu et al. ( 1990) showed that feeding dietary menhaden oil increase TBARS in
both zero-time and incubated homogenates of liver from rats injected with iron as
compared with dietary corn oil-lard mixture . L'Abbe et al. ( 1991) showed that lipid
peroxidation, as assessed by urinary , heart, and liver TBARS , is higher in rats fed (n-3)
fatty acids compared with (n-6) fatty acids and increased as the proportion of (n-3) fatty
acids from menhaden oil increased ; These results show that dietary menhaden oil
increases TBARS in rat tissues whether rats receive iron injection or not. In agreement
with their results, the present study showed that rats fed a menhaden oil diet increased
TBARS in colon mucosa and feces as compared with dietary corn oil or beef tallow
whether they received the low iron diets or the high iron diets.
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TABLE4
Sources of variation and comparison of meansa
Dependent Variable
Source of Varianceb

TBARS
Feces

Total iron

Mucosa

Feces

Body Wt

Hb

Mucosa

Iron level

35<880

35<880

35<880

35<880

NS

35>88

Fat type

B<C<M

B<C<M

C=M>B

C=M>B

NS

C>B=M

NS

NS

Iron level x Fat typec

*

NS

*

NS

acomparison of means based on Fisher's Least Significant Difference test when p < 0.05
for the ANOV A.
bsources of variation included 2 levels of dietary iron (35 and 880 ppm) and 3 types of
dietary fat (C =corn oil; B =beef tallow; and M =menhaden oil).
*signifies a significant (p < 0.05) interaction of main effects while NS signifies no
significant (p > 0.05) difference in treatment means.
CFor Comparison of group means see Table 5.
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TABLES
Body weight, hemoglobin, iron and TBARS production in feces and colon mucosa
of rats fed 15% corn oil, beef tallow, and menhaden oil diets
with 35 ppm and 880 ppm Fe for 6 wk
Dietary treatmentsa
Measures
M880

LSD

16 ±4

16 ±3

NS

12 ±1

35 ±6

51 ±7

7

1.0±0.3

1.1±0.3

2.3±0.6

3.8±0.9

1.1

240 ±50

250 ±60

250 ±30

220 ±20

230 ±40

NS

7340 ±160

310 ±60

6490 ±210

480 ±20

7280 ±170

120

240 ±50

120 ±50

210 ±60

180 ±50

260 ±50

45

88 ±9

86 ±6

90±7

89 ±7

91 ±4

89 ±7

NS

293 ±31

281 ±14

279 ±17

276 ±23

295 ±13

279 ±20

NS

C35

C880

B35

B880

16 ±4

19 ±4

15 ±3

17 ±3

14 ±1

20±2

10 ±1

2.0±0.6

210 ±30
490 ±40

M35

TBARS, µg/g
Feces
b

Mucosa
1.6±0.7
Total iron, µgig
Feces
b

Mucosa
150 ±40
Body weight, g
b

continued
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continued, Table 5
Hemoglobin, g/l 00 mL
b

14.6 ±0.7

14.3 ±0.5

13.9 ±0.3

13.4 ±0.3

13.6 ±0.5

14.2 ±0.5

0.8

18.7±0.4

18.2±0.3

18.1±0.4

17.8±0.2

18.3±0.3

17.6±0.5

0.7

aData are means ± standard deviation for each treatment group; n = I 0 rats in all groups .
Statistical significance was determined by Fisher's least significant difference test (LSD).
Mean differences must equal or exceed the LSD value to be significant at the 5%
probability level. NS, not statistically significant. C
menhaden oil; 35: 35 ppm Fe; 880: 880 ppm Fe.
bvalues before treatment diets were started.

= com oil; B = beef tallow

;M

=
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Objective 2
At the beginning of trial, each group of rats had similar TEARS in the feces.
After the feeding trial, rats fed high iron diets had higher TEARS in the feces and colon
mucosa as compared with those fed low iron diets (Table 4). TEARS in feces and colon
mucosa were higher in the M880 group as compared with the M35 group (Table 5).
However, no significant difference of TEARS was observed between the C880 group and
the C35 group, or between the B880 group and the B35 group (Table 5). Thus, dietary
iron was a significant determinant of in vivo lipid peroxidation only in combination with
menhaden oil. The results suggest that iron supplementation at a level found in many
iron-fortified foods lead to increased in vivo lipid peroxidation only in combination with
feeding menhaden oil at an amount comparable with human diet.
Iron is known to play a major role in initiation and propagation reactions of lipid
peroxidation. Iron overload has been shown to be associated with enhanced lipid
peroxidation in different models of hemochromatosis. Feeding iron carbonyl-enriched
diets to rats stimulated hepatic microsomal and mitochondrial lipid peroxidation when
liver iron content was above a threshold (Bacon et al. 1983, 1985). Dietary iron overload
in the rats caused lipid metabolism disturbances and oxidative stress that was associated
with moderate lipid peroxidation damage (Dabbagh et al. 1994).

Feeding mice diets

containing different amounts of Fe-fumarate over a period of 4 wk resulted in a dosedependent increase of iron concentration in proximal and distal colon, which was
accompanied by an enhanced rate of lipid peroxidation (Younes et al. 1990).

In

agreement with these results, the present study showed that high dietary iron was a
significant determinant of in vivo lipid peroxidation. However, the present study showed
that rats fed Fe-supplemented diets combined only with menhaden oil, not beef tallow or
corn oil , had an enhanced lipid peroxidation. The main difference between the present
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study and other iron overloaded studies is that in vivo lipid peroxidation induced by
overloaded iron was influenced by dietary fats.

Objective 3
Body weights of rats fed the different levels of iron and the different types of fat
increased at a normal rate and did not differ significantly from one another throughout the
experiment (in Table 4 and Table 5). At the beginning of the trial, each group of rats
had similar body weights. The results are consistent with the unchanged body weights of
rats fed carbonyl iron for 6 wk (Myers et al. 1991). Britton et al. (1991) reported that
iron-overloaded rats had lower body weight gain than their controls after 8 wk of
carbonyl iron feeding.
As shown in Table 4 and Table 5, body weights among rats fed com oil diets,
beef tallow diets, or menhaden oil diets did not differ. Reddy and Maruyama (1986)
showed that animals fed the high menhaden oil diet for 8 wk weighed Jess than those fed
a com oil diet.
At the beginning of the trial , hemoglobin (Hb) levels were similar between high
and low iron rats within a fat type (Table 5). After the feeding trial, hemoglobin values
were significantly lower in M880 group as compared with M35 group (Table 5), but
there were no significant differences between the B880 group and the B35 group, or
between the C880 and the C35 group. The results suggest that only the Fe-supplemented
diets combined with menhaden oil had a detrimental effect on blood levels.
Lower hemoglobin values in the rats treated with Fe-supplemented diets may be
due to bleeding of the colon into the feces . The bloody feces could not be identified since
the feces in these rats became black with feeding the high iron diets. However, the color
of stool in the rats fed with menhaden oil diets with high iron was very dark while the
color of stool in the rats fed with beef tallow and high iron diets was lighter.
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Linoleic acid and its oxidation products, hydroperoxides and their secondary
products, were orally administered to rats, and hemorrhage was seen in the alimentary
canal at 6 h after the dose of hydroperoxides (Kanazawa et al. 1988). In the present
study, the high peroxidation in colon and colonic content might have been a main cause
of hemorrhage in colon.
At the start of the trial, each group of rats had similar iron contents in the feces.
After the feeding trial , rats fed high iron diets had higher iron contents in the feces and
the colon mucosa as compared with those fed low iron diets (Table 4). Rats fed the beef
tallow diet combined with high or low iron had lower iron contents in the feces and the
colon mucosa than those fed a corn oil diet or a menhaden oil diet (Table 5) .
Iron overload from excess dietary iron has been found in several areas of subSaharan Africa, where iron is derived from the traditional beer brewed in steel drums
(Friedman et al. 1990, Gordeuk et al. 1986, MacPhail et al. 1979). Feeding the mice an
iron-fumarate-enriched diet results in a concentration-dependent increase in the iron
contents of liver, as well as that of colon (Younes et al. 1990).

Dietary iron

concentrations above control increase the concentration of iron in the liver in a dose and
time-dependent manner (Omara and Blakley 1992). These data consistently show that
high dietary iron results in an increase in iron body stores. Further, the present study also
showed that dietary fats influence iron content of the tissue.
· High · body fron stores and high dietary fat are associated with an increased
incidence of colon cancer. Lipid peroxidation is a chain reaction process involving many
species and has been shown to oxidatively modify DNA both in vivo and in vitro
(Halliwell and Gutteride 1984, Kehrer 1993). In fact, iron may exert cocarcinogenic
activity when combined with dimethylhydrazine (DMH) by stimulating cell proliferation
and inducing oxidative stress in the colonic mucosa (Siegers et al. 1992). Oxidized
polyun saturated fatty acids were also shown to enhance ornithine decarboxylase activity
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and DNA synthesis in the mucosa of rat colon (Bull et al. 1984). Some evidence has
been presented that the bolus of fat could increase the level of lipid in feces, damage the
colonic epithelium, and produce a transient increase in proliferative activity in the colon
(Bird et al. 1985). These observations substantiate a possible linkage between oxidative
stress and cell proliferation (Masotti et al. 1988).

In order to determine this relationship, cell proliferation in colonic mucosa was
detected using immunocytochemistry. No transient increase of cell proliferation in the
colon was observed. Fish oil groups had high TBARS (Table 5), but no increased cell
proliferation. Corn oil groups or beef tallow groups had low TBARS (Table 5), but no
increased cell proliferation, either. However, studies conducted with animal models show
that high intake of dietary corn oil or beef fat increases colon carcinogenesis, whereas a
diet high in fish oil is without enhancing effect (Reddy 1987). Therefore, both data
suggest that there is no relationship between lipid peroxidation and cell proliferation.

CONCLUSION
At the beginning of the trial, each group of rats had similar body weights, iron
content of the feces, and TBARS in the feces. After the feeding trial , groups of rats still
had similar body weights and no histological changes were seen in the colon. However,
groups of rats differed (p < 0.05) in the iron content of the feces and colon mucosa, and in
the TBARS in the feces and colon mucosa.
Rats fed the different dietary fats had different TBARS in the feces and colon
mucosa (B<C<M). Menhaden oil diets led to the greatest TBARS whether comparing the
low iron diets or the high iron diets. Thus, the type of dietary fat was a significant
determinant of in vivo lipid peroxidation for 2 widely differing dietary iron levels.
Rats fed the high iron diets had higher iron content and TBARS in feces and colon
mucosa. However, when effects of iron level were compared by dietary fat type, only the
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menhaden oil diets showed difference. Similarly, rats fed the high iron diets had lower
hemoglobin only if they were also fed menhaden oil. Thus, dietary iron was a significant
determinant of in vivo lipid peroxidation only in combination with menhaden oil.
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CHAPTERV
SUMMARY
Iron level affected TBA values only in the menhaden oil diets. However, storage
for 4 d did not affect TBA values of the diets. Neither food intake nor body weight of the
rats was affected by the different diets, suggesting all diets were equally acceptable to
rats. Thus, oxidative rancidity in the diets did not cause acceptability problems when the
diets were prepared fresh twice a week.
At the beginning of the trial , each group of rats had similar body weights, iron
content of the feces, and TEARS in the feces. After the feeding trial, groups of rats still
had similar body weights and no histological changes were seen in the colon. However,
groups of rats differed (p < 0.05) in the iron content of the feces and colon mucosa, and in
the TEARS in the feces and colon mucosa.
Rats fed the different dietary fats had different TEARS in the feces and colon
mucosa (B<C<M). Menhaden oil diets led to the greatest TEARS whether comparing the
low iron diets or the high iron diets. Thus, the type of dietary fat was a significant
determinant of in vivo lipid peroxidation for 2 widely differing dietary iron levels.
Rats fed the high iron diets had higher iron content and TEARS in feces and colon
mucosa. However, when effects of iron level were compared by dietary fat type, only the
menhaden oil diets showed difference . Similarly, rats fed the high iron diets had lower
hemoglobin only if they were also fed menhaden oil. Thus, dietary iron was a significant
determinant of in vivo lipid peroxidation only in combination with menhaden oil.
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APPENDIX A
Vitamin mixturea

Ingredients

Amounts (g/kg)

a-tocopherol (250 LU.lg))

22.0

L-ascorbic acid

45.0

Choline chloride

75 .0

D-Calcium pantothenate

3.0

Inositol

5.0

Menadione

2.25

Niacin

4.5

Pyridoxine hydrochloride

1.0

Ribofl avin

1.0

Thiamine hydrochloride

1.0

Vitamin A concentration (500,000 LU.lg)

1.8

Vitamin D concentration (850,000 LU.lg)

0.125

Biotin (mg/kg)

20.0

Folic acid (mg/kg)

90.0

Vitamin B-12 (mg/kg)
Glucose, finely powdered

1.35
to make 1,000.0 g

aThe vitamin mixture was purchased from ICN Biochemicals, Inc., Cleveland, OH.
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APPENDIXB

Mineral mixture

Ingredients

Amounts (g/kg)

Potassium chloride (KCl)

296.7

Magnesium carbonate (MgC03)

121.0

Manganese sulfate (MnS0 4)

12.7

Cobalt chloride (C0Cl2·6H 20)
Zinc sulfate (ZnS04·7H 20)

0.7
38.0

Copper sulfate (CuS0 4·5H 20)

1.6

Potassium iodide (KI)

0.8

Sodium molybdate (Na2Mo04·2H20)

0.12

Glucose

528.4
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APPENDIXC
Diet composition (g!kg)

Menhaden
Ingredienta

Basal

Corn oil

Casein

198

198

198

198

Corn oil

100

150

10

IO

Beef tallow

Beef tallow

oil

140

Menhaden oil

140

Cellulose

50

50

50

50

NaH2P04

26.9

26.9

26.9

26.9

CaC03

17

17

17

17

Mineral mixtureb

20

20

20

20

Vitamin mixtureC

11.6

11.6

11.6

11.6

Fe added with Ferrous 35
Fumarate (mg/kg)d

35/880

35/880

35/880

Dextrose

526.5

526.5

526.5

576.5

acorn oil and dextrose were purchased at local stores. Beef tallow was prepared in meat
lab of Nutrition and Food Sciences at Utah State University. Menhaden oil was donated
by Zapata Haynie (Reedville, VA) .

Fe-fumarate was purchased from Gallard-

Schlesinger Industries, Inc., Carle Place, NY. All other ingredients were purchased from
ICN Biochemicals, Inc., Cleveland, OH.
bAppendix A
CAppendix B
d35/880 : 35 mg/kg Fe for control groups; 880 mg/kg Fe for Fe-supplemented groups .
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APPENDIXD

Cyanmethemoglobin method for determining blood hemoglobin
(Crosby et al. 1954)
Drabkin's Reagent Preparation
Sodium bicarbonate

1.0 g

Potassium cyanide

0.052 g

Potassium ferricyanide 0.198 g
Distilled water to 1000 mL.
The solution was stored in a dark brown glass container at room temperature.
Procedure
1) 20 ul (microliters) of unclotted blood were pipetted into 5 mL Drabkin's reagent.
2) The solution was mixed well and allowed to set 30 min .
3) Absorbance was read at 540 nm in a spectrophotometer.
4) Hemoglobin concentrations were determined from the standard curve derived from

commercial hemoglobin standards.

Standard Solution Preparation
Standards (Fisher Scientific Company , NY) containing 6, 8, 12, 15, 18 g hemoglobin/I 00

mL were used.
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APPENDIX E

Spectrophotometric determination of iron with ferrozine reagent
(Stookey 1970)
Reagents
A. Concentrated Nitric Acid
B. 30% Hydrogen Peroxide
C.1 % Ascorbic Acid in 0.2 N HCl: 1 g/l 00 mL (includes 1.67 mL concentration HCI).
Make fresh daily .
D. 10% Ammonium Acetate: 10 g/100 mL (pH 7.0-8.0)
E. 1 mmol/L ferrozine reagent: 0.04925 g/l 00 mL. Store in dark bottle at 4oc.
Sample digestion (Ashing)
1. Weigh about 1.0 g diet, 25 mg feces or pipette a 1 mL sample of liver or colon mucosa
homogenate into a 50 mL of Erlenmeyer flask .
2. Predigest samples and reagent blank for 2 hrs in concentrated nitric acid.
3. Heat the flasks on the hot plate with temperature scales at 'low' level until dry (dark).
4. Add 1ml of nitric acid and heat again until yellow color.
5. Add 30% H20 2 dropwise and heat again until all ash is white . Treat all samples
equally.
6. Cool and add 0.5 mL 6 N HCl and dilute with 5.5 mL deionized water.
7. Check acidity with pH paper. The assay must be conducted at a nearly neutral pH (6 7).
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Procedure
1. Add 1 mL sample, blank or standard solutions to a test tube.
2. Add 1 mL ascorbate solution. Mix well and let stand for 15 min.
3. Add 2 mL ammonium acetate buffer solution to each tube. Mix well.
4. Add 1 mL FeITozine reagent, mix well, wait for 30 - 45 min at room temperature.
6. Read absorbance at wavelength of 562 nm against blank.
7. Calculate concentration of iron using the standard curve generated.

Standard Solution Preparation
Standards containing 1, 2, 4, 6, 8 µg Fe/mL were used.
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APPENDIXF
Thiobarbituric acid reactive substrances (TBARS) modified assay
for determining lipid peroxidation
(Buege and Aust 1978)

Reagents
A. Stock TCA-TBA-HCl reagent: 100 mL
1) Trichloroacetic acid (TCA): 15 g (15% wt/v).
2) Thiobarbituric acid (TBA): 0.375 g (0.375% wt/v) (heat to dissolve).
3) 0.25 N HCI: 2.059 mL concentration HCI (12 nmol/L).
The reagent was stored in brown g lass at room temperature.
B. Butylated hydroxytoluene (BHT) (1 %): 1 g BHT in 100 mL ethanol
Procedure:
J. Weigh 0.5 g sample.

2. Add 0.5 mL 1% BHT.
3. Blank: Substitute sample with deionized water.
4. Add 4 mL stock reagent.
5. Mix thoroughly.
6. Cover the tube very tightly with lid and incubate 15 min in a boiling water bath.
7. Cool under running water.
8. Centrifuge at 2000 g (3000 rpm) for 10 min .
9. Read in a spectrophotometer at 532 nm . The absorbance of the sample is determined at
532 nm against a blank that contains all the reagents minus the sample.
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Standard curve:
Standard curve was made by determining the absorbance of a known amount of tetraethoxypropane (TEP), the precursor of malondialdehyde. The standard curve was made
by plotting using the absorbance (X) of 0.5, 2.5, 5, 7.5, 10 nmol/mL TEP against their
respective amount (Y). The procedure for standards was the same as for samples except
when replacing samples with known standards.

57

APPENDIXG
Determination of cell proliferation in colonic mucosa with immunocytochemistry
(Waseem and Lane 1990)
Proliferation Cell Nuclear Antigen (PCNA) staining of nuclei is a sensitive and
reliable index of the S phase of cell proliferation which is now routinely used in the study
of human pathology speci mens.
Reagent:
A. Phosphate Buffered Saline (PBS):

Potassium Phosphate (KH 2P04 ): 0.26 g
Sodium Phosphate (Na2HP0 4 ): 1.15 g
Sodium Chloride (NaCL): 8.71 g
Distilled H20: 800 mL
Adjust pH to 7.4 and bring volume to 1 L with dH 20.
B. Fixative reagent: Methanol.

C. Proliferation Cell Nuclear Antigen (PCNA) was purchased from Zymed Laboratories,
Incorporation.
D. HistoMouse™ SP Kit for Immunostaining was purchased from Zymed Laboratories,
Incorporation.
Procedure:
1. Frozen tissue: 8 µm thin section.
2. Warm up at room temperature: 2 hours .
3. Fix sections in methanol at room temperature: IO min.
4. Wash with PBS: I 0 min. , 2 times.
5. Serum blocking solution: 10 min. in moist chamber at room temperature.
Drain or blot off the solution. DO NOT RINSE.
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6

Primary antibody: 60 min. in moist chamber at room temperature.
Rinse well with PBS: 2 min ., 3 times.

7. Biotinylated second antibody: 10 min. in moist chamber at room temperature.
Rinse well with PBS: 2 min., 3 times.
8. Enzyme conjugate: 10 min. in moist chamber at room temperature.
Rinse well with PBS: 2 min., 3 times.
9. Substrate-Chromogen mixture: 10 min. in moist chamber at room temperature .
Rinse well with dH20: 2 min., 3 times.

10. Hematoxylin : 2 min.
Wash slides in tap water for 5 min . Put slides into PBS for 30 seconds.

11 . Mount solution: apply GVAMOUNT to the slide and mount with coverslip.
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APPENDIX H
Effect of BHT on MDA formation
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Fig. 1. Effect of BHT on MDA formation. The mixture contained 0.5 g diet in which
included 15 % menhaden oil and 880 ppm Fe.
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APPENDIX I

TABLE 6
Comparisons of TBARsa production in the diets
added with BHT or not during the assay
Dietb
Fat+Fe

-BHT

-BHT

+BHTC

+BHTC

45'

15'

45'

15'

µg MDA/g diet
C+Oppm

3.95±0.26

2.69±0.28

3.38±0.46

2.26±0.01

C+35ppm

4.38±0.59

2.53±0.20

3.65±0.40

2.23±0.01

C+880ppm

4.67±0.19

3.03±0.16

4.66±0.19

2.74±0.20

B+Oppm

4.07±0.25

2.86±0.03

3.67±0.23

2.16±0.03

B+35ppm

3.64±0.21

2.81±0.08

3.54±0.47

2.19±0.10

B+880ppm

4.92±0.56

3.21±0.66

4.46±0.63

2.24±0.25

M+Oppm

11 .03±0.32

9.96±0.23

7.51±0.40

5.40±0.73

M+35ppm

11 .05±0.64

9.94±0.37

7.72±0.18

5.68±0.37

M+880ppm

60.66±0.33

53.77±0.22

10.77±0.45

9.42±0.59

a Values are mean± standard deviation for each diet; n=2 in all groups.
b C =com oil ; B = beef tallow ; M =menhaden oil.
c 0.1 % BHT in reaction mixture was used.
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APPENDIX J

Analysis of variance table
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I. PRELIMINARY EXPERIMENT

TBARS in diets between fats and iron

size: 36 * 7 MISS=-9999.

Fi.le: Di.et Data
Include If: Vl<19

+------------+--------------------------------+
ISTATISTICA
IGENERAL
IMANOVA

I Means
I
I

I
I
I

I

+----------+----------+----------+

I
I DIET

I
I TBAR0

I
I T8AR4

I
I
I Val i.d N I

+------------+----------+----------+----------+
I
I
I
I
I
I
I
I
I

C0
C35
C880
80
835
8880
M0
M35
M880

I
I
I
I
I
I
I
I
I

2.255000
2.230000
2.740000
2.160000
2.190000
2.235000
5.395000
5.675000
9.415000

I
I
I
I
I
I
I
I
I

2.280000
2.270000
2.710000
2.010000
2.105000
2.150000
5.380000
6 .115000
9.410000

I
I
I
I
I
I
I
I
I

2
2
2
2
2
2
2
2
2

I
I
I
I
I
I
I
I
I

+------------+----------+----------+----------+
I All Groups I 3.810555 I 3.825556 I

18 I

+------------+----------+----------+----------+
si.ze: 36 * 7 MISS=-9999 .

Fi.le: Di.et Data
Include If: V1<19

+------------+--------------------------------+
ISTATISTICA
IGENERAL
IMANOVA

I Standard Devi.ati.ons
I
I

I

+----------+----------+----------+

I
I DIET

I
I T8AR0

I
I T8AR4

I
I
I
I
I
I Val id N I

+------------+----------+----------+----------+
I
I
I
I
I
I
I
I
I

C0
C35
C880
80
835
8880
M0
M35
M880

I
I
I
I
I
I
I
I
I

.007071
. 014142
. 197990
.028284
. 098995
.247487
. 728320
. 374767
.586899

I
I
I
I
I
I
I
I
I

.000000
. 056569
. 098995
.056569
. 007071
.028284
.028284
. 021213
.000000

I
I
I
I
I
I
I
I
I

.2
2
2
2
2
2
2
2
2

I.
I
I
I
I
I
I
I
I

+------------+----------+----------+----------+
I All Groups I 2.469976 I 2.519804 I

18 I

+------------+----------+----------+----------+
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si.ze: 36 * 7 MISS=-9999.

Fi.le: Di.et Data
Include If: V1<19

+----------+-------------------------------------------+
ISTATISTICAI MAIN EFFECT: DIET
I 1-DIET
IGENERAL
IMANOVA
I

I
I
I

+----------+----------+----------+----------+

I

I Depend. I Mean Sqr I Mean Sqr I f(dfl,2) I
I Vari.able I Effect I Error
I
8,9
Ip-level

I
I

+----------+----------+----------+----------+----------+
I T8AR0
I T8AR4

I 12.82333 I .1251833 I
I 13.49022 I .1020333 I

102.436 I .0000000 I
134.534 I .0000000 I

+----------+----------+----------+----------+----------+
size: 36 * 7 MISS=-9999.

Fi.le: Di.et Data
Include If: V1<19

+------------+------------------------------------------------------+
ISTATISTICA
IGENERAL
IMANOVA

I Means
I
I

I
I
I

I

+----------+----------+---- - - - - - -+------- - --+----------+

I
I DIET

I
I N8HT4

I
I NBHTl

I
I 8HT4

I
I 8HT1

I
I
I Val i.d N I

+------------+----------+----------+----------+----------+----------+
I
I
I
I
I
I
I
I
I

C0
C35
C880
80
835
8880
M0
M35
M880

I
I
I
I
I
I
I
I
I

3.94500
4.38000
4 . 66500
4.06500
3 . 64000
4.91500
11.02500
11.04500
60.65500

I
I
I
I
I
I
I
I
I

2.69000
2 . 53000
3.02500
2.86000
2.80500
3.21000
9.96000
9.93500
53.76500

I
I
I
I
I
I
I
I
I

3.38500
3.65500
4 . 66500
3.66500
3.54000
4.45500
7.50500
7.72000
10.77500

I
I
I
I
I
I
I
I
I

2.255000
2.230000
2.740000
2.160000
2.190000
2.235000
5.395000
5.675000
9.415000

I
I
I
I
I
I
I
I
I

2
2
2
2
2
2
2
2
2

I
I
I
I
I
I
I
I
I

+------------+----------+----------+----------+----------+----------+
I All Groups I 12.03722 I 10.08667 I 5.48500 I 3.810555 I

18 I

+------------+----------+----------+----------+----------+----------+
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size: 36 * 7 MISS=-9999.

File: Diet Data
Include If: V1<19

+------------+------------------------------------------------------+
ISTATISTICA
IGENERAL
IMANOVA

I Standard Deviations
I
I

I

+----------+----------+----------+----------+----------+

I
I DIET

I
I NBHT4

I
I NBHTl

I
I
I
I
I BHT4

I
I BHTl

I
I
I Valid N I

+------------+----------+----------+-- -- ------+----------+----------+
I
I
I
I
I
I
I
I
I

C0
C35
C880
B0
B35
B880
M0
M35
M880

I
I
I
I
I
I
I
I
I

.26163
.59397
. 19092
.24749
.21213
.55861
.31820
.64347
.33234

I
I
I
I
I
I
I
I
I

.28284
.19799
.16263
.02828
. 07778
.66468
.22627
.37477
.21920

I
I
I
I
I
I
I
I
I

. 459619
.403051
.190919
.233345
.466690
.629325
.403051
.183848
.445477

I
I
I
I
I
I
I
I
I

.007071
. 014142
.197990
.028284
.098995
.247487
.728320
.374767
.586899

I
I
I
I
I
I

2
2
2
2
2
2
2
2
2

I
I
I
I
I
I
I
I
I

+------------+----------+----------+----------+----------+----------+
I All Groups I 17.92045 I 16 . 16994 I 2.529448 I 2.469976 I

18 I

+------------+----------+----------+----------+----------+----------+

size: 36 * 7 MISS=-9999.

File: Diet Data
Include If: V1<19

+---- ----- -+-------------------------------------------+
ISTATISTICAI MAIN EFFECT: DIET
!GENERAL
I 1-DIET
IMANOVA
I

I
I
I

+----------+----------+----------+-- ------ --+

I

I Depend. I Mean Sqr I Mean Sqr I f(dfl,2) I
I
8,9
I p-level
I Variable I Effect I Error

I
I

+---- ------+----------+----------+----------+----------+
I
I
I
I

NBHT4
NBHTl
BHT4
BHTl

I
I
I
I

682.2400
555.5132
13.4118
12.8233

I
I
I
I

. 1668611
. 0926667
.1636833
.1251833

I 4088.670 I .0000000 I
I 5994.747 I .0000000 I
I 81.938 I .0000002 I
I 102 .436 I .0000001 I

+----------+----------+----------+----------+----------+
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TBAR04 in diets between time
Fi. le: Di.et Data
si.ze: 36 * 6 MISS=-9999.
Coi.n Oi.l +0ppm Fe
Include If: V5<5
+----------+------------------------------------------------------+
ISTATISTICAI MAIN EFFECT: TIME
I
I 1-TIME
I
IGENERAL
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+
I Uni.var. I Sums of I
I Mean
I
I
I
I Squares I
df
I Square I
F
I p- level I
I Test
+----------+----------+----------+----------+----------+----------+
I Effect
I .0006250 I
1 I .0006250 I 0.04000 I .8767496 I
I . 0000500 I
2 I . 0000250 I
I
I
I Error
+--- - ------+---- - -----+----------+----------+----------+----------+
Fi.le: Di.et Data
si.ze: 36 * 6 MISS=-9999.
Include If: V5<5
Corn Oi.l +35ppm Fe
+----------+------------------------------------------------------+
ISTATISTICAI MAIN EFFECT : TIME
I
I 1-TIME
I
IGENERAL
I
I
IMANOVA
I
+----------+----------+----------+----------+----------+
I Uni.var . I Sums of I
I Mean
I
I
I
I Squares I
df
I Square I
F
I p- level I
I Test
+--- ------ -+----------+----------+--------- -+----------+----------+
I Effect
I .0016000 I
1 I .0016000 I .9411765 I .4343146 I
I .0034000 I
2 I .0017000 I
I
I
I Error
+----------+----------+----------+----------+----------+----------+

Fi. le: Di.et Data
si.ze: 36 * 6 MISS=-9999.
Corn Oi.l +880ppm Fe
Include If: V5<5
+----------+------------------------------------------------------+
ISTATISTICAI MAIN EFFECT: TIME
I
!GENERAL
I 1-TIME
I
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+
1· Uni.var. · I Sums of 1 ·
·1
Meon
I
1·
·1
I Test
I Squares I
df
I Square I
F
I p- level I
+----------+----------+----------+----------+----------+----------+
I Effect
I . 0009000 I
1 I .0009000 I .0367347 I . 8657016 I
I Error
I . 0490000 I
2 I . 0245000 I
I
I
+----------+----------+----------+----------+----------+----------+
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File: Diet Data
size: 36 * 6 MISS=-9999.
Beef Tallow+ 0ppm Fe
Include If: V5<5
+----------+------------------------------------------------------+
!STATISTICAi MAIN EFFECT: TIME
I
!GENERAL
I 1-TIME
I
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+
I Univar. I Sums of I
I Mean
I
I
I
I Test
I Squares I
df
I Square I
F
I p- level I
+----------+----------+----------+----------+----------+----------+
I Effect
I . 0225000 I
1 I . 0225000 I 11. 25000 I . 0785573 I
I .0040000 I
2 I .0020000 I
I
I
I Error
+----------+----------+----------+----------+----------+----------+

File: Diet Data
size: 36 * 6 MISS=-9999.
Beef Tallow+ 35ppm Fe
Include If: V5<5
+----------+------------------------------------------------------+
!STATISTICAi MAIN EFFECT: TIME
I
I 1-TIME
I
IGENERAL
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+
I Uni var. I Sums of I
I Mean
I
I
I
I Squares I
df
I Square I
F
I p- level I
I Test
+----------+----------+----------+----------+----------+----------+
I Effect
I . 0072250 I
1 I . 0072250 I 1. 467005 I . 3495131 I
I .0098500 I
2 I .0049250 I
I
I
I Error
+----------+----------+----------+----------+----------+----------+

Fi.le: Diet Data
size: 36 * 6 MISS=-9999.
Include If: V5<5
Beef Tallow+ 880ppm
+----------+------------------------------------------------------+
!STATISTICAi MAIN EFFECT: TIME
I
I 1-TIME
I
IGENERAL
I
I
IMANOVA
I
+----------+----------+----------+- -- -------+----------+
I Univar. I Sums of I
I Mean
I
I
I
I Squares I
df
I Square I
F
I p- level I
I Test
+----------+----------+----------+----------+----------+----------+
I Effect
I . 0072250 I
1 I . 0072250 I . 2328767 I . 6770535 I.
I Error
I .0620500 I
2 I .0310250 I
I
I
+----------+----------+----------+----------+----------+----------+
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si.ze: 36 * 6
Menhaden Oi.l

Fi.le: Di.et Data
Include If: V5<5

MISS=-9999.

+ 0ppm Fe
+----------+------------------------------------------------------+
ISTATISTICAI MAIN EFFECT: TIME
I GENERAL
I 1-TIME
IMANOVA
I

I
I
I

I

+----------+----------+----------+----------+----------+

I Uni. var.
I Test

I Sums of
I Squares

I
I

df

I
I

Mean
Square

I
I

F

I
I p- level

I
I

+----------+----------+----------+----------+----------+----------+
I Effect
I Error

I .0002250 I
I . 5312500 I

1 I .0002250 I .0008471 I .9794245 I
2 I . 2656250 I
I
I

+----------+----------+----------+----------+----------+----------+

Fi.le: Di.et Data
Include If: V5<5

si.ze: 36 * 6 MISS=-9999.
Menhaden Oi.l + 35ppm Fe

+----------+------------------------------------------------------+
ISTATISTICAI MAIN EFFECT: TIME
I
I GENERAL
I 1-TIME
I
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+
I Uni.var.
I Sums of I
I
Mean
I
I
I
I Test
I Squares I
df
I Square I
F
I p- level I

+----------+----------+----------+----------+----------+----------+
I Effect
I Error

I .1936000 I
I .1409000 I

1 I .1936000 I 2. 748048 I . 2392278 I
2 I .0704500 I
I
I

+----------+----------+----------+----------+----------+----------+

Fi. le: Di.et Data
Include If: V5<5

si.ze: 36 * 6 MISS=-9999.
Menhaden Oi.l + 880ppm Fe

+----------+------------------------------------------------------+
ISTATISTICAI MAIN EFFECT: TIME
I
!GENERAL
I 1-TIME
I
I MANOVA
I
I
I
+----------+----------+----------+----------+----------+
I Uni. var.
I Sums of I
I
Mean
I
I
I
I Test
I Squares I
df
I Square I
F
I p- level I

+----------+----------+----------+----------+----------+----------+
I Effect
I Error

· 1 . • 0000250 I
I . 3444500 I

. 1 I ·. 0·000250 I . 0001452 I . 9914809 r
2 I .1722250 I
I
I

+----------+----------+----------+----------+----------+----------+
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Animal study
File: Ji 's rat data
size: 180 * 7 MISS=-9999.
"Bodywt Before Experiment"
Include If: v0<61
+----------+------------------------------------------------------+
ISTATISTICAI
ANALYSIS OF VARIANCE
I
IGENERAL
I Customized (pooled) Effect
I
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+
I Univar. I Sums of I
I Mean
I
I
I
I Test
I Squares I
df
I Square I
F
I p- level I
+----------+----------+----------+----------+----------+----------+
I Effect
I 151. 063 I
5 I 30. 21257 I . 6222014 I . 6834266 I
I 2622.107 I
54 I 48.55754 I
I
I
I Error
+----------+----------+----------+----------+----------+----------+

size: 84 * 9 MISS=-9999.
File: Ji 's rat data
"Food Intake"
Include If: v8<85
+----------+------------------------------------------------------+
ISTATISTICAI
ANALYSIS OF VARIANCE
I
I Customized (pooled) Effect
I
IGENERAL
I
I
IMANOVA
I
+----------+----------+----------+----------+----------+
I Uni var. I Sums of I
I Mean
I
I
I
I Squares I
df
I Square I
F
I p- level I
I Test
+----------+----------+----------+----------+----------+----------+
I Effect
I 11.0011 I
5 I 2.200214 I .4264443 I . 8289304 I
I 402.4364 I
78 I 5.159441 I
I
I
I Error
+----------+ ----------+----------+----------+----------+----------+

File: Ji's rat data
size: 84 * 9 MISS=-9999.
"Food Intake "
Include If: v8<85
+---------------------+---------------------+
ISTATISTICA
I Means
I
I
I
IGENERAL
I
I
IMANOVA
I
+--.,---.,-.,-+--,- ..,-..,- ---+
I

I

I

I

I IRONSUP FAT
I INTAKE
I Val id N I
+---------------------+----------+----------+
I PPM35
CORN
I 9.77143 I
14 I
I PPM35
BEEF
I 9. 92143 I
14 I
I PPM35
FISH
I 9.11429 I
14 I
CORN
I 10 . 17143 I
14 I
I PPM880
I PPM880
BEEF
I 10.12143 I
14 I
I PPM880
FISH
I 9.55000 I
14 I
+---------------------+----------+----------+
I All Groups
I 9.77500 I
84 I
+---------------------+----------+----------+
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File: Ji's rat data
size: 84 * 9 MISS=-9999.
"Food Intake"
Include If: v8<85
+---------------------+---------------------+
ISTATISTICA
I Standard Deviations I
IGENERAL
I
I
I
I
IMANOVA
I
+----------+----------+
I
I
I
I
I IRONSUP FAT
I INTAKE
I Valid N I
+---------------------+----------+----------+
I PPM35
CORN
I 1.751671 I
14 I
BEEF
I 2.246426 I
14 I
I PPM35
I PPM35
FI SH
I 2. 252813 I
14 I
I PPM880
CORN
I 2.511337 I
14 I
I PPM880
BEEF
I 2. 436952 I
14 I
FISH
I 2. 349714 I
14 I
I PPM880
+---------------------+----------+----------+
I All Groups
I 2.231854 I
84 I
+---------------------+----------+----------+

File: Ji's rat data
size: 84 * 9 MISS=-9999 .
"Body Weight Changes"
Include If: v9<85
+----------+---- ----- --------------------- ------------------------+
!STATISTICAi
ANALYSIS OF VARIANCE
I
IGENERAL
I Customized (pooled) Effect
I
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+
I Univar. I Sums of I
I
Mean
I
I
I
I Test
I Squares I
df
I Square I
F
I p- level I
+----------+----------+----------+----------+----------+----------+
I Effect
I 34 . 7549 I
5 I 6.950976 I 3.986736 I .0028432 I
I Error
I 135.9950 I
78 I 1.743526 I
I
I
+----------+----------+----------+----------+----------+----------+

File: Ji's rat data
size : 84 * 9 MISS=-9999 .
"Body Weight Changes"
Include If: v9<85
+---------------------+---------------------+
ISTATISTICA
I Means
I
. I GENERAL
I .
I
IMANOVA
I
I
I
+----------+----------+
I
I
I
I
I IRONSUP FAT
I DBDYWT
I Valid N I
+---------------------+----------+----------+
I PPM35
CORN
I 5.450000 I
14 I
I PPM35
BEEF
I 5.521429 I
14 I
FISH
I 4.107143 I
14 I
I PPM35
CORN
I 4. 878572 I
14 I
I PPM880
I PPM880
BEEF
I 5. 642857 I
14 I
FISH
I 4.107143 I
14 I
I PPM880
+---------------------+----------+----------+
I All Groups
I 4.951190 I
84 I
+---------------------+----------+----------+
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File: Ji's rat data
size: 84 * 9 MISS=-9999.
Include If: v9<85
"Body Weight Changes"
+---------------------+---------------------+
ISTATISTICA
I Standard Deviations I
IGENERAL
I
I
IMANOVA
I
I
I
+----------+----------+
I
I
I
I
I IRONSUP FAT
I DBDYWT
I Valid N I
+---------------------+----------+----------+
I PPM35
CORN
I 1.387721 I
14 I
I PPM35
BEEF
I 1. 556218 I
14 I
FISH
I 1.046947 I
14 I
I PPM35
I PPM880
CORN
I 1.286724 I
14 I
I PPM880
BEEF
I 1.632702 I
14 I
I PPM880
FISH
I . 834325 I
14 I
+---------------------+----------+----------+
I All Groups
I 1. 434304 I
84 I
+---------------------+----------+----------+
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II. PRIMARY EXPERIMENT
Body weight
File: Ji's rat data
size: 180 * 7 MISS=-9999.
"Bodywt Before Experiment"
Include If: v0<61
+----------+------------------------------------------------------+
ISTATISTICAI
ANALYSIS OF VARIANCE
I
!GENERAL
I Customized (pooled) Effect
I
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+
I Uni var. I Sums of I
I Mean
I
I
I
I Squares I
df
I Square I
F
I p-level I
I Test
+----------+----------+----------+----------+----------+----------+
I Effect
I 151. 063 I
5 I 30. 21257 I . 6222014 I . 6834266 I
I Error
I 2622.107 I
54 I 48.55754 I
I
I
+----------+----------+----------+----------+----------+----------+
File: Ji's rat data
size: 180 * 7 MISS=-9999.
"Bodywt Before Experiment"
Include If: v0<61
+---------------------+------------------ - --+
ISTATISTICA
I Means
I
IGENERAL
I
I
IMANOVA
I
I
I
+----------+----------+
I
I
I
I
I IRONSUP FAT
I BDYWT
I Valid N I
+---------------------+----------+----------+
I PPM35
CORN
I 87 . 89000 I
10 I
I PPM35
BEEF
I 89. 73000 I
10 I
FISH
I 91. 00000 I
10 I
I PPM35
CORN
I 85.87000 I
10 I
I PPM880
I PPM880
BEEF
I 88. 72000 I
10 I
I PPM880
FISH
I 89 . 00000 I
10 I
+---------------------+----------+----------+
I A11 Groups
I 88. 70167 I
60 I
+---------------------+----------+----------+
File: Ji 's rat data
size: 180 * 7 MISS=-9999 .
Include If: v0<61
"Bodywt Before Experiment"
+---------------------+---------------------+
ISTATISTICA
Standard Deviations
IGENERAL .
IMANOVA
I
+----------+----------+
I
I
I
I
I Valid N I
I BDYWT
I IRONSUP FAT
+---------------------+----------+----------+
I PPM35
CORN
I 9.390593 I
10 I
BEEF
I 6. 766921 I
10 I
I PPM35
I PPM35
FISH
I 4. 280187 I
10 I
CORN
I 5.925848 I
10 I
I PPM880
BEEF
I 7. 325723 I
10 I
I PPM880
I PPM880
FISH
I 7.090055 I
10 I
+---------------------+----------+----------+
I All Groups
I 6.855865 I
60 I
+-- -------------------+- --- ------+---- ------+
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File: Ji 's rat data
size: 180 * 7 MISS=-9999.
"Bodywt After Eeperiment"
Include If: v0>60 and v0<121
+----------+------------------------------------------------------+
!STATISTICAi
ANALYSIS OF VARIANCE
I
!GENERAL
I Customized (pooled) Effect
I
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+
I Univar. I Sums of I
I Mean
I
I
I
I Squares I
df
I Square I
F
I p- level I
I Test
+----------+----------+----------+----------+----------+----------+
I Effect
I 3275.98 I
5 I 655.1963 I 1.547003 I .1908836 I
I Error
I 22870 . 42 I
54 I 423.5262 I
I
I
+----------+----------+----------+----------+----------+----------+

File: Ji 's rat data
size: 180 * 7 MISS=-9999.
Include If: v0>60 and v0<121
"Bodywt After Experiment"
+----------+-----------------------------------------------------------------+
!STATISTICAi summary of all effects; design :
I
!GENERAL
I 1-IRONSUP, 2-FAT
I
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+----------+
I
I
df
I
MS
I
df
I
MS
I
I
I
I Effect
I Effect I Effect I Error
I Error
I
F
I p- level I
+----------+----------+----------+----------+----------+----------+----------+
I 1
I
1 I 1510 .017 I
54 I 423 . 5262 I 3. 565344 I .0643747 I
I 2
I
2 I 657 . 035 I
54 I 423. 5262 I 1. 551345 I . 2212608 I
I 12
I
2 I 225.947 I
54 I 423.5262 I .533490 I .5896134 I
+----------+----------+----------+----------+----------+----------+----------+

File: Ji's rat data
size: 180 * 7 MISS=-9999.
Include If: v0>60 and v0<121
"Bodywt After Experiment"
+---------------------+---------------------+
ISTATISTICA
I Means
I
IGENERAL
I
I
IMANOVA
I
I
I
+- ---------+----------+
I

I

I

I

I IRONSUP FAT
I BDYWT
I Val id N I
+---------------------+----------+----------+
I PPM35
CORN
I 293.2400 I
10 I
BEEF
I 278. 5000 I
10 I
I PPM35
I PPM35
FISH
I 294.9000 I
10 I
CORN
I 281.1000 I
10 I
I PPM880
BEEF
I 275.9900 I
10 I
I PPM880
I PPM880
FISH
I 279.4500 I
10 I
+---------------------+----------+----------+
I All Groups
I 283.8633 I
60 I
+---------------------+----------+----------+
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File: Ji's rat data
size: 180 * 7 MISS=-9999.
Include If: v0>60 and v0<121
"Bodywt After Experiment"
+---------------------+--------- ------------+
ISTATISTICA
I Standard Deviations I
I
I
IGENERAL
IMANOVA
I
I
I
+----------+----------+
I
I
I
I
I IRONSUP FAT
I BDYWT
I Val id N I
+---------------------+----------+----------+
I PPM35
CORN
I 30.78438 I
10 I
BEEF
I 17. 30151 I
10 I
I PPM35
FISH
I 12.54441 I
10 I
I PPM35
CORN
I 14.39853 I
10 I
I PPM880
I PPM880 BEEF
I 22. 90858 I
10 I
FISH
I 20.11601 I
10 I
I PPM880
+---------------------+----------+----------+
I All Groups
I 21.05135 I
60 I
+---------------------+----------+----------+
Hemoglobin

File: Ji 's rat data
size: 180 * 7 MISS=-9999.
Include If: v0<61
"Hb Before Experiment"
+----------+------------------------------------------------------+
!STATISTICAi
ANALYSIS OF VARIANCE
I
!GENERAL
I Customized (pooled) Effect
I
IMANOVA
I
I
I
+----------+-------- --+-- -- ------+----------+----------+
I Univar. I Sums of I
I Mean
I
I
I
I Test
I Squares I
df
I Square I
F
I p- level I
+----------+----------+-- -- ------+----------+----------+----------+
I Effect
I 10.50000 I
5 I 2.100000 I 2.391093 I .0495935 I
I Error
I 47.42600 I
54 I .878259 I
I
I
+----------+----------+----------+----------+----------+----------+
File: Ji's rat data
size: 180 * 7 MISS=-9999.
Include If: v0<61
"Hb Before Experiment"
+---------------------+---------------------+
ISTATISTICA
I Means
I
·I
I·
I GENERAL
IMANOVA
I
I
I
+----------+----------+
I
I
I
I
I IRONSUP FAT
I HB
I Val i.d N I
+---------------------+----------+----------+
I PPM35
CORN
I 14.63000 I
10 I
BEEF
I 13. 94000 I
10 I
I PPM35
FISH
I 13.59000 I
10 I
I PPM35
I PPM880 CORN
I 14.34000 I
10 I
BEEF
I 13.44000 I
10 I
I PPM880
FISH
I 14.24000 I
10 I
I PPM880
+---------------------+----------+----------+
I All Groups
I 14.03000 I
60 I
+---------------------+----------+----------+
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File: Ji's rat data
size: 180 * 7 MISS=-9999.
"Hb Before Experiment"
Include If: v0<61
+---------------------+---------------------+
ISTATISTICA
I Standard Deviations I
IGENERAL
I
I
l~N~A

I

I
I

+----------+----------+
I

I

I

I

I IRONSUP FAT
I HB
I Val id N I
+---------------------+----------+----------+
I PPM35
CORN
I 1.380861 I
10 I
BEEF
I . 596657 I
10 I
I PPM35
FISH
I 1. 006037 I
10 I
I PPM35
CORN
I . 872035 I
10 I
I PPM880
BEEF
I . 620394 I
10 I
I PPM880
I PPM880
FISH
I . 921593 I
10 I
+---------------------+----------+----------+
I All Groups
I .990857 I
60 I
+---------------------+----------+----------+

File: Ji's rat data
size: 180 * 7 MISS=-9999.
"Hb After Experiment"
Include If: v0>60 and v0<121
+----------+------------------------------------------------------+
ISTATISTICAI
ANALYSIS OF VARIANCE
I
!GENERAL
I Customized (pooled) Effect
I
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+
I Univar. I Sums of I
I Mean
I
I
I
I Test
I Squares I
df
I Square I
F
I p- level I
+-- -- ------+----- -----+-------- --+----------+----------+----------+
I Effect
I 8.30200 I
5 I 1.660400 I 2.894737 I .0218495 I
I 30.97400 I
54 I .573593 I
I
I
I Error
+----------+----------+----------+----------+----------+----------+

File: Ji's rat data
size: 180 * 7 MISS=-9999.
Include If: v0>60 and v0<121
"Hb After Experiment"
+----------+------------------------------------------------------------- ----+
ISTATISTICA I summary of all effects; design:
I
IGENERAL .. I. 1-IRONSUP, 2-FAT .
I.
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+----------+
I
df
I
MS
I
df
I
MS
I
I
I
Effect
Effect I Effect I Error
I Error
I
F
I p- level I
+----------+----------+----------+----------+----------+----------+----------+
I 1
I
1 I 3.750000 I
54 I .5735926 I 6. 537741 I . 0134043 I
I 2
I
2 I 1.999500 I
54 I .5735926 I 3.485924 I .0376824 I
I 12
I
2 I .276500 I
54 I .5735926 I .482049 I .6201482 I
+----------+----------+----------+----------+----------+----------+----------+
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File: Ji's rat data
size: 180 * 7 MISS=-9999.
Include If: v0>60 and v0<121
"Hb After Experiment"
+---------------------+---------------------+
ISTATISTICA
I Means
I
I
I
IGENERAL
I
I
IMANOVA
I
+----------+--- -------+
I
I
I
I
I HB
I Val id N I
I IRONSUP FAT
+---------------------+----------+----------+
I PPM35
CORN
I 18.74000 I
10 I
I PPM35
BEEF
I 18. 06000 I
10 I
FISH
I 18. 31000 I
10 I
I PPM35
I 18.23000 I
10 I
I PPM880 CORN
I 17.80000 I
10 I
I PPM880 BEEF
FISH
I 17.58000 I
10 I
I PPM880
+---------------------+-- - -------+----------+
I All Groups
I 18.12000 I
60 I
+-------------------- -+----------+----------+
File: Ji's rat data
size: 180 * 7 MISS=-9999.
Include If: v0>60 and v0<121
"Hb After Experiment"
+---------------------+---------------------+
ISTATISTICA
I Standard Deviations I
I
I
IGENERAL
I
I
IMANOVA
I
+----- - ----+----------+
I
I
I
I
I HB
I Val id N I
I IRONSUP FAT
+------------------ - --+----------+----------+
I PPM35
CORN
I . 824891 I
10 I
BEEF
I . 777746 I
10 I
I PPM35
FISH
I . 675689 I
10 I
I PPM35
I .569698 I
10 I
I PPM880 CORN
I . 418994 I
10 I
I PPM880 BEEF
I 1.095242 I
10 I
I PPM880 FISH
+---------------------+----------+----------+
I A11 Groups
I . 815901 I
60 I
+------------- - ------ -+--- - ------+----------+
Iron and TBA in feces
File: Ji's rat data
size: 180 * 7 MISS=-9999.
Include If: v3='fecesb'
"Iron in Feces Before Experiment"
+----------+------------------------------------------------------+
ISTATISTICAI
ANALYSIS OF VARIANCE
I
!GENERAL
I Customized (pooled) Effect
I
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+
I Uni var. I Sums of I
I Mean
I
I
I
I Test
I Squares I
df
I Square I
F
I p- level I
+----------+----------+----------+----------+----------+----------+
I Effect
I 13252.74 I
5 I 2650.549 I 1. 565590 I .1854723 I
I 91422.19 I
54 I 1693.004 I
I
I
I Error
+----------+----------+----------+----------+----------+----------+
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File: Ji's rat data
size: 180 * 7 MISS=-9999.
Include If: v3='fecesb'
"Iron in Feces Before Experiment"
+---------------------+---------------------+
ISTATISTICA
I Means
I
IGENERAL
I
I
IMANOVA
I
I
I
+----------+----------+
I
I
I
I
I IRON
I Val id N I
I IRONSUP FAT
+------ - --------------+----------+----------+
I PPM35
CORN
I 211.7960 I
10 I
BEEF
I 253. 8660 I
10 I
I PPM35
I PPM35
FISH
I 223 . 8240 I
10 I
CORN
I 243.8980 I
10 I
I PPM880
BEEF
I 247. 6320 I
10 I
I PPM880
I PPM880
FISH
I 226. 7470 I
10 I
+------- - ---------- - --+----- - -- - -+- -- - - --- --+
I All Groups
I 234.6272 I
60 I
+----------------- - ---+----------+----------+

File: Ji's rat data
size: 180 * 7 MISS=-9999 .
Include If: v3='fecesb'
"Iron in Feces Before Experiment"
+---------------------+---------------------+
ISTATISTICA
I Standard Deviations I
I
I
IGENERAL
I
I
IMANOVA
I

+- - - - - - - - - -+- - -·- - -· - - .. - +

I
I
I
I
I IRON
I Val id N I
I IRONSUP FAT
+------------ - --------+-------- - -+--- - ----- -+
I PPM35
CORN
I 28. 35961 I
10 I
BEEF
I 61. 46637 I
10 I
I PPM35
FISH
I 22. 52451 I
10 I
I PPM35
CORN
I 52. 27310 I
10 I
I PPM880
BEEF
I 32.64326 I
10 I
I PPM880
FISH
I 35. 64023 I
10 I
I PPM880
+- - ----------- - - - --- - -+- - ------- -+-- - ------ -+
I All Groups
I 42.12068 I
60 I
+---------------------+--------- -+- - --------+

File: Ji's rat data
size: 180 * 7 MISS=-9999.
Include If: v3='fecesb'
"TBA in Feces Before Experiment"
+----------+------------------------------------------------------+
!STATISTICAi
ANALYSIS OF VARIANCE
I
!GENERAL
I Customized (pooled) Effect
I
I
I
IMANOVA
I
+----------+----------+----------+----------+----------+
I Uni var. I Sums of I
I Mean
I
I
I
I Test
I Squares I
df
I Square I
F
I p- level I
+- ----- - - - -+----------+- -- - ------+----------+----------+----------+
I Effect
I 106 .9975 I
5 I 21 . 39950 I 1. 564491 I .1857883 I
I 738 . 6259 I
54 I 13.67826 I
I
I
I Error
+----------+----------+------ - ---+--- - - - ----+- - ----- - --+----------+
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Fi.le: Ji.'s rat data
si.ze: 180 * 7 MISS=-9999.
Include If: v3='fecesb'
"TBA i.n Feces Before Experiment"
+---------------------+---------------------+
ISTATISTICA
I Means
I
IGENERAL
I
I
IMANOVA
I
I
+----------+----------+
I
I
I
I
I
I TBA
I Vali.d N I
I IRONSUP FAT
+---------------------+----------+----------+
I PPM35
CORN
I 16.35730 I
10 I
BEEF
I 15 . 00020 I
10 I
I PPM35
FISH
I 15.96230 I
10 I
I PPM35
I PPM880
CORN
I 19.29990 I
10 I
BEEF
I 16 . 88150 I
10 I
I PPM880
FISH
I 16 . 04630 I
10 I
I PPM880
+---------------------+----------+----------+
I All Groups
I 16.59125 I
60 I
+---------------------+----------+----------+

Fi.le: Ji. 's rat data
si.ze: 180 * 7 MISS=-9999.
"TBA i.n Feces Before Experi.ment"
Include If: v3='fecesb'
+---------------------+---------------------+
ISTATISTICA
I Standard Devi.ati.ons I
I
I
IGENERAL
I
I
IMANOVA
I
+----------+----------+
I
I
I
I
I TBA
I Vali.d N I
I IRONSUP FAT
+---------------------+----------+----------+
I PPM35
CORN
I 4.670694 I
10 I
BEEF
I 3.093867 I
10 I
I PPM35
FISH
I 3. 883031 I
10 I
I PPM35
CORN
I 3.773569 I
10 I
I PPM880
BEEF
I 3.524602 I
10 I
I PPM880
I PPM880
FISH
I 2.990247 I
10 I
+---------------------+----------+----------+
I A11 Groups
I 3. 785842 I
60 I
+------------ · --------+----------+----------+

Fi.le: Ji.'s rat data
si.ze: 180 * 7 MISS=-9999.
Include If: v3='fecesa'
"Iron i.n Feces After Experiment"
+----------+----------- ----------- ----------- ----- ----------- - ----+
!STATISTICAi
ANALYSIS OF VARIANCE
I
!GENERAL
I Customized (pooled) Effect
I
IMANOVA
I
I
+----------+----------+----------+----------+----------+
I
I Uni.var. I Sums of I
I Mean
I
I
I Test
I Squares I
df
I Square I
F
I p- level I
+----------+----------+----------+----------+----------+----------+
I Effect
I .661E+09 I
5 I .132E+09 I 7587 . 774 I .000000 I
I Error
I . 940E+06 I
54 I .174E+05 I
I
I
+----------+----------+----------+----------+----------+----------+

78
File: Ji's rat data
Include If: v3='fecesa'

size: 180 * 7 MISS=-9999.
"Iron in Feces After Experiment"

+----------+-----------------------------------------------------------------+
ISTATISTICAI summary of all effects; design :
I
I 1-IRONSUP, 2-FAT
I
IGENERAL
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+----------+
I
I
df
I
MS
I
df
I
MS
I
I
I
I Effect
I Effect I Effect I Error
I Error
I
F
I p- level I
+----------+----------+----------+----------+----------+----------+----------+
I 1
I
1 I . 656E+09 I
54 I 17412.41 I 37667.93 I .0000000 I
I 2
I
2 I .166E+07 I
54 I 17412.41 I
95.19 I .0000000 I
I
2 I .702E+06 I
54 I 17412.41 I
40.29 I .0000000 I
I 12
+----------+----------+----------+----------+----------+----------+------- - --+
File: Ji's rat data
size: 180 * 7 MISS=-9999.
"Iron in Feces After Experiment"
Include If: v3='fecesa'
+---------------------+---------------------+
ISTATISTICA
I Means
I
IGENERAL
I
I
I
I
IMANOVA
+----------+----------+
I
I
I
I
I
I IRONSUP FAT
I IRON
I Val id N I
+---------------------+----- - ----+----------+
I PPM35
CORN
I 487.169 I
10 I
BEEF
I 310. 461 I
10 I
I PPM35
FISH
I 482. 371 I
10 I
I PPM35
CORN
I 7342 .691 I
10 I
I PPM880
BEEF
I 6491. 653 I
10 I
I PPM880
FISH
I 7283. 339 I
10 I
I PPM880
+---------------------+----------+----------+
I All Groups
I 3732.947 I
60 I
+---------------------+----------+----------+
File: Ji's rat data
size: 180 * 7 MISS=-9999.
"Iron in Feces After Experiment"
Include If: v3='fecesa'
+---------------------+---------------------+
.1 STAT~STI.CA
1. Standari;J De.viation.s . I.
I
I
IGENERAL
IMANOVA
I
I
+- - - - - - - - - -+- - - - - - - - - -+
I
I
I
I
I
I IRONSUP FAT
I IRON
I Val id N I
+---------------------+----------+----------+
I PPM35
CORN
I 43.751 I
10 I
BEEF
I 56. 454 I
10 I
I PPM35
I PPM35
FISH
I 25. 223 I
10 I
I PPM880
CORN
I 155.599 I
10 I
BEEF
I 210. 381 I
10 I
I PPM880
FISH
I 173. 971 I
10 I
I PPM880
+---------------------+----------+----------+
I All Groups
I 3348.532 I
60 I
+---------------------+----------+----------+
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File: Ji's rat data
size: 180 * 7 MISS=-9999.
"TBA in Feces After Experiment"
Include If: v3='fecesa'
+------ --- -+------------------------------------------------------+
ISTATISTICAI
ANALYSIS OF VARIANCE
I
!GENERAL
I Customized (pooled) Effect
I
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+
I Uni var. I Sums of I
I Mean
I
I
I
I Squares I
df
I Square I
F
I p-level I
I Test
+----- -----+--- - ------+----------+--- -------+----------+----------+
I Effect
I 13232.91 I
5 I 2646.581 I 47.84450 I .0000000 I
I 2987.08 I
54 I 55.316 I
I
I
I Error
+----------+----------+---- - -----+- ---------+- - ------- -+- --- ------+

File: Ji's rat data
size: 180 * 7 MISS=-9999.
"TBA in Feces After Experiment"
Include If: v3='fecesa'
+----------+--------------- ----- ---------------------------------------------+
ISTATISTICAI summary of all effects; design:
I
!GENERAL
I 1-IRONSUP, 2-FAT
I
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+----------+
I
I
df
I
MS
I
df
I
MS
I
I
I
I Effect I Effect I Error
I Error
I
F
I p- level I
I Effect
+----- ----- +----------+----------+ --------- -+----------+----------+----------+
I 1
I
1 I 917.122 I
54 I 55.31631 I 16.5796 I . 0001535 I
I 2
I
2 I 5872. 286 I
54 I 55. 31631 I 106 .1583 I . 0000000 I
I 12
I
2 I 285. 607 I
54 I 55. 31631 I 5 .1632 I . 0088744 I
+----------+----------+----------+----------+----------+----------+------ - ---+

File: Ji's rat data
size: 180 * 7 MISS=-9999.
"TBA in Feces After Experiment"
Include If : v3='fecesa'
+---------------------+---------------------+
ISTATISTICA
I Means
I
IGENERAL
I
I
IMANOVA
I
I
I
+----------+----------+
I
I
I
I
1. IRONS.UP. FA.T .
1. TBA
.1 Val id N 1.
+-- - - --- ------- - - - --- -+-- --- - - - - -+----- ----- +
I PPM35
CORN
I 14.48170 I
10 I
BEEF
I 9 . 83010 I
10 I
I PPM35
FISH
I 34.93790 I
10 I
I PPM35
I PPM880
CORN
I 19 . 53460 I
10 I
BEEF
I 11.86450 I
10 I
I PPM880
FISH
I 51.30850 I
10 I
I PPM880
+------ --------------- +--- -------+----------+
I A11 Groups
I 23. 65955 I
60 I
+---------------------+----------+----------+
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File: Ji's rat data
size: 180 * 7 MISS=-9999.
"TBA in Feces After Experiment"
Include If: v3='fecesa'
+---------------------+---------------------+
ISTATISTICA
I Standard Deviations I
IGENERAL
I
I
IMANOVA
I
I
I
+----------+----------+
I
I
I
I
I TBA
I Valid N I
I IRONSUP FAT
+---------------------+----------+----------+
I PPM35
CORN
1.11483 I
10 I
I PPM35
BEEF
. 78780 I
10 I
I PPM35
FISH
11. 63579 I
10 I
CORN
3.64521 I
10 I
I PPM880
.96895 I
10 I
I PPM880 BEEF
FI SH
13 . 43191 I
10 I
I PPM880
+---------------------+----------+----------+
I All Groups
I 16.58056 I
60 I
+---------------------+----------+----------+
Iron and TBA in mucosa
File: Ji's rat data
size: 180 * 7 MISS=-9999.
"Iron in Mucosa"
Include If: v3='Mucosa'
+----------+------------------------------------------------------+
ISTATISTICAI
ANALYSIS OF VARIANCE
I
!GENERAL
I Customized (pooled) Effect
I
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+
I Univar . I Sums of I
I Mean
I
I
I
I Test
I Squares I
df
I Square I
F
I p- level I
+----------+----------+----------+----------+----------+----------+
I Effect
I 142609.8 I
5 I 28521.95 I 11.18893 I .0000002 I
I Error
I 137652.6 I
54 I 2549.12 I
I
I
+----------+----------+----------+----------+----------+----------+

File: Ji's rat data
size: 180 * 7 MISS=-9999.
Include If: v3='Mucosa'
"Iron in Mucosa"
+----------+-----------------------------------------------------------------+
ISTATISTICAI summary of all effects; design:
!GENERAL
I 1-IRONSUP, 2-FAT
IMANOVA
I
I
+----------+----------+----------+----------+----------+----------+
I
I
df
I
MS
I
df
I
MS
I
I
I
I Effect I Effect I Error
I Error
I
F
I p- level I
I Effect
+----------+----------+----------+----------+----------+----------+----------+
I 1
I
1 I 110781.0 I
54 I 2549.121 I 43.45848 I .0000000 I
I 2
I
2 I 15707.9 I
54 I 2549.121 I 6.16210 I .0038859 I
I
2 I
206.5 I
54 I 2549.121 I
.08099 I . 9223125 I
I 12
+----------+----------+----------+----------+----------+----------+----------+
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size: 180 * 7 MISS=-9999.
Fi.le: Ji.'s rat data
"Iron i.n Mucosa"
Include If: v3='Mucosa'
+---------------------+---------------------+
ISTATISTICA
I Means
I
IGENERAL
I
I
IMANOVA
I
I
I
+----------+----------+
I

I

I

I

I IRONSUP FAT
I IRON
I Val i.d N I
+---------------- - ----+----------+----------+
I PPM35
CORN
I 150.3680 I
10
I PPM35
BEEF
I 119.4840 I
10
I PPM35
FI SH
I 180. 3280 I
10
I PPM880 CORN
I 240.9920 I
10
I PPM880 BEEF
I 208 . 0620 I
10
I PPM880
FISH
I 258 .9410 I
10
+----- - ------ - ------ - -+- - -- - -----+- ---------+
I All Groups
I 193.0292 I
60 I
+- --------------------+----------+----- - ----+

Fi.le: Ji.'s rat data
size: 180 * 7 MISS=-9999.
Include If: v3=' Mucosa'
"Iron i.n Mucosa "
+---------------------+---------------------+
ISTATISTICA
I Standard Deviations I
I
I
IGENERAL
IMANOVA
I
I
I
+----------+---- - ---- -+
I
I
I
I
I IRON
I Val i.d N I
I IRONSUP FAT
+---------------------+----- - ----+----------+
I PPM35
CORN
I 38. 06520 I
10 I
BEEF
I 47.70346 I
10 I
I PPM35
FISH
I 55. 35043 I
10 I
I PPM35
CORN
I 48. 32323 I
10 I
I PPM880
BEEF
I 61. 90840 I
10 I
I PPM880
FISH
I 48. 36006 I
10 I
I PPM880
+---------------------+----------+----------+
I All Groups
I 68.92176 I
60 I
+---------------------+----------+----------+

Fi.le : Ji's rat data
size: 180 * 7 MISS=-9999.
"TBA i.n Mucosa"
Include If: v3='Mucosa'
+----------+------------------------------------------------------+
!STATISTICAi
ANALYSIS OF VARIANCE
I
!GENERAL
I Customized (pooled) Effect
I
IMANOVA
I
I
I
+----------+----------+----------+----------+--------- -+
I Univar. I Sums of I
I Mean
I
I
I
I Test
I Squares I
df
I Square I
F
I p- level I
+----------+----------+----------+----------+----------+--- - - - ----+
I Effect
I 52.43863 I
5 I 10.48773 I 7.155246 I .0000337 I
I Error
I 79.14992 I
54 I 1.46574 I
I
I
+----------+----------+----------+----------+----------+----------+
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Fi.le: Ji.'s rot data
s1ze: 180 * 7 MISS=-9999.
Include If: v3='Mucoso'
"TBA i.n Mucosa"
+----------+-----------------------------------------------------------------+
!STATISTICAi summary of all effects; desi.gn:
I
!GENERAL
I 1-IRONSUP, 2-FAT
I
IMANOVA
I
I
I
+----------+----------+----------+----------+----------+----------+
I
I
df
I
MS
I
df
I
MS
I
I
I
I Effect I Effect I Error
I Error
I
F
I p- level I
I Effect
+----------+----------+----------+----------+----------+----------+----------+
I 1
I
1 I 7.01716 I
54 I 1.465739 I 4.78745 I .0330146 I
I
2 I 20.41570 I
54 I 1.465739 I 13.92861 I .0000132 I
I 2
I
2 I 2. 29503 I
54 I 1. 465739 I 1. 56578 I . 2182608 I
I 12
+----------+----------+----------+----------+----------+----------+----------+

Fi.le: Ji.'s rot data
si.ze: 180 * 7 MISS=-9999.
Include If: v3='Mucoso'
"TBA i.n Mucosa"
+------------- - -------+------------ - --------+
ISTATISTICA
I Means
I
I
I
IGEN'~AL
IMAN-:JVA
I
I
I
+----------+----------+
I
I
I
I
I TBA
I Vali.d N I
I IRONSUP FAT
+---------------------+----------+----------+
I PPM35
CORN
I 1. 553900 I
10 I
I PPM35
BEEF
I 1.002800 I
10 I
I PPM35
FISH
I 2.344900 I
10 I
I PPM880
CORN
I 2.031700 I
10 I
BEEF
I 1.136300 I
10 I
I PPM880
I PPM880
FISH
I 3. 785500 I
10 I
+---------------------+----------+----------+
I All Groups
I 1. 975850 I
60 I
+---------------------+----------+----------+
Fi.le: Ji.'s rat data
si.ze: 180 * 7 MISS=-9999.
Include If: v3='Mucosa'
"TBA i.n Mucosa"
+---------------------+---------------------+
I STAT~STI .CA
. 1. S.tandord. Devi.ohons .1
IGENERAL
I
I
IMANOVA
I
I
I
+----------+----------+
I
I
I
I
I TBA
I Vali.d N I
I IRONSUP FAT
+---------------------+----------+----------+
I PPM35
CORN
I 1. 391473 I
10 I
BEEF
I . 468407 I
10 I
I PPM35
FISH
I 1. 284106 I
10 I
I PPM35
I PPM880
CORN
I 1.161410 I
10 I
BEEF
I . 503539 I
10 I
I PPM880
FISH
I 1. 840510 I
10 I
I PPM880
+---------------------+----------+----------+
I All Groups
I 1.493424 I
60 I
+---------------------+----------+----------+

